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SUMMARY AND GENERAL REPORT. 


The past year has been one of reconstruction. The labor- 
atory required a complete overhaul involving the building and 
the equipment. The roof was coated with asphalte, the pipes 
and electric fittings were repaired and where necessary renewed, 
and the woodwork and ironwork painted. The apparatus, 
reagents and nets have been to a large extent replaced. The 
specimen room has been altered into a chemical laboratory and 
fitted for the work of the Biochemist. The motor boat, which 
suffered considerable loss at the hands of depredators in Blyth 
Harbour, has been reconditioned and her stores renewed, and 
the opportunity was taken to fit her with a *“‘ Kitchen ” rudder. 

The investigations accomplished during the period and 
reported upon in the following pages refer in the main to trawling 
experiments and to a continuation of the researches relating to 
herring fisheries. 

The trawling experiments which were suspended since 1913 
were renewed in 1920 with a view to finding out whether the years 
of the war have produced any change. The results showed 
that the distribution of the fish, which we had found to be so 
constant in inshore waters, was maintained, but there were certain 
peculiarities. Plaice with two winters behind them were abund- 
ant in the northern part of the Northumberland area, but three- 
winter plaice and probably also four-winter plaice were just 
represented. Moreover the two-winter plaice were conspicu- 
ously below the pre-war size. The conclusion is then that the 
spawning season of 1917, and probably also that of 1916, was a 
poor one or that the fry resulting from it were subjected to 
unfavourable conditions. There was evidence besides that the 
food inshore was not at all abundant. Whether this be due 
to a general cause or not, it is evident that the flooding of an 
area such as the Northumberland inshore waters with oil during 
the pelagic period of the eggs and fry and food would lead to 
a great deal of destruction. The effects were seen during the 
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the war years on several occasions by the presence of oil on the 
surface of the sea and on the rocks and beach. The oil caused 
the death of many sea birds, and if at such a time the surface 
waters are occupied by pelagic eggs and larvae of fishes, and 
by the planktonic stages of the food of the fishes the effect may 
be of serious importance. Our experiments go to show that 
while the hydrographical conditions of the spawning season 
have an influence on the success of the spawning and therefore 
on the abundance of the year group concerned the absence of 
food and the stunted growth are traceable to such accidents 
as the spreading of oil over the sea at all events in territorial 
waters. The effects are fortunately local and transient. 

In reviewing the experiments of 1920, and comparing them 
with pre-war years it was found necessary to present a general 
report on the results of the Northumberland Trawling Experi- 
ments. The results bring out important facts relating to the 
distribution and migrations of fishes and the relationships of 
these to the currents of the North Sea. 

Mr. Storrow has contributed an account of his work on herrings 
during the year. He draws attention again to the important 
fact that herrings in their fourth year form the most important 
constituent of the summer fishery along the east coast of Britain. 
It is obvious therefore that the fluctuations in this important 
fishery depend largely upon the success of the spawning and 
the rearing of the season four years before that of fishing 

The samples from the Autumn shoals of 1920 showed that 
fish with six and seven winter rings were comparatively 
abundant and the scarcity of herrings with five winter rings 
was a marked feature of the shoals sampled. The same year 
classes occurred in the samples from shoals of spring herrings 
in 1921, and their abundance and _ scarcity were practically the 
same as was found in the Autumn shoals. 

The data with regard to the maturity of the shoals which 
give the East Anglian herring harvest point to the shoals being 
composed of full fish which assemble previous to a migration 
for spawning in the spring. From the age composition and 
the growth data, it is concluded that some of these herrings 
return again to the same locality as spents and give rise to the 
Yarmouth fishery for spring herrings. 
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The samples of Irish herrings, together with those from the 
North of Scotland and the samples of 1920 from the Shetlands, 
give good grounds for concluding that the Atlantic waters from 
Donegal Bay to the North West of the Shetlands are populated 
by shoals of oceanic herrings which resemble one another very 
much in age composition and growth, and differ from the shoals 
of the North Sea. 

Mrs. Cowan adds to the account of the herring investiga- 
tions a paper on the size of the herrings. 

A short account is given of the destruction of smolts in the 
Tyne in 1921 owing to the dry season. 

Several interesting occurrences have been recorded under 
the head ‘** Faunistic Notes.’”’ These papers are by no means 
as exhaustive as we should like them to be, but the problem 
of the cost of printing is becoming highly important. Other 
papers have had to be kept back in the hope that conditions 
in this respect will improve. 

Recurring to what I said last year regarding the accomoda- 
tion of workers at Cullercoats, I am more than ever convinced 
that a hostel at or near Cullercoats would be very useful. It 
is obvious that if the rooms were not entirely taken up by workers 
at the Laboratory they could be let to visitors and others who 
desire to live at the seaside. 

ALEXANDER MEEK. 
3rd August, 1921. 


NORTHUMBERLAND TRAWLING EXPERIMENTS. 


By ALEXANDER MEEK. 


1. NORTHUMBERLAND, 1920 080 BOG S00 500 300 gas 8 
2. NORTHUMBERLAND, 1892-1920 500 600 es 300 ace 22 
3. DISTRIBUTION OF SPECIES OTHER THAN PLAICE AND DAB... 41 
4. DISTRIBUTION OF PLAICE AND DAB 509 500 sie ace 58 
5. STATISTICS OF PLAICE AND DAB ... 506 A6t Sale ae 57 
6. MARKING EXPERIMENTS B00 ose aod S06 ates pon 60 
7. SUMMARY AND GENERAL CONSIDERATIONS abo B00 $05 69 


1—NORTHUMBERLAND, 1920. 


Trawling experiments were conducted in the bays of the 
Northumberland coast during the years 1892 to 1913, and the 
desire was expressed by the Ministry of Fisheries and by the 
Northumberland Sea Fisheries Committee that they should be 
repeated with a view to pointing out whether the inshore water 
had changed with respect to the food fishes during the years of 
the war. It was expected that a change would be indicated, as 
the North Sea generally had undergone a period of relative rest 
from fishing since the end of 1914, and deep sea fishing is not 
yet restored to pre-war conditions. During the years of the war, 
however, the inshore fishermen fished the territorial waters to 
an increased degree, and this was due to the demand for fish and 
the ever increasing prices. All classes of fish were landed, but 
especially round fish, during the colder months of the year, and 
the season of white fishing was extended. 

The experiments were commenced on July 29th and the 
trawl net and gear employed were similar to and in most respects 
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the same as those used just before the war ; the tug “ Sentinette ” 
was engaged, and proved to be well suited for the work, the crew 
assisting the staff of the Marine Laboratory in launching and 
hauling in the net. They were continued on August 5th, August 
12th and September 2nd. The weather was favourable on each 
occasion, and until the last day of the experiments the work was 
done without event. The experiments came to an end on Sep- 
tember 2nd, after incidents which go to illustrate the fisherman’s 
attitude with respect to luck and the superstitions relating to his 
calling. At Skate Roads the fishing was successful and normal. 
But at the end of the haul in Alnmouth Bay the trawl caught 
an anchor or wreck, with the result that the beam was broken close 
to the iron. The beam was replaced and the net mended on our 
passage to Druridge Bay, but for some reason the net failed to 
fish, evidently not reaching the ground, and the total catch was 
a Cyanea. The experiment had therefore to be repeated, and at 
a slower rate, and with more warp the fishing was a success. Then 
we proceeded to the last bay of the series, Blyth Bay, and the 
net was only down for twenty minutes when it was caught on a 
wreck, as we found when we attempted to release the net. During 
the process the rope was accidentally cut, and the trawl left at 
the bottom. Next day at low water the wreck was quite con- 
spicuous, and, in fact, there are two of them lying north and south 
of one another, about equally distant from the shore. We escaped 
the wrecks on the days of our previous visits by fishing according 
to the state of the tide just outside them, but on the day in 
question, at about high water of a spring tide, we approached a 
little nearer the shore. With the aid of a water telescope, which 
I got made at the College, the net was discovered and marked, 
and as soon as the ‘“‘Evadne”’ is ready we propose to make an 
attempt to raise it. It would take too much time to prepare 
fresh gear, and as it happens we have the information we require, 
and there need not therefore be any delay in presenting and con- 
sidering it.* 

The results in detail are given in the following table (Table I.) 


* This paper was presented in outline at the October meeting of the Northumberland 
Sea Fisheries Committee. 
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The table shows the actual numbers captured and the sizes 
of the fish, but the character of the different stations visited will 
be better displayed by the following summaries :— 


TABLE II. 
TOTAL CATCHES OF EACH SPECIES PER HOUR’S TRAWLING 


Skate Roads. Alnmouth Bay Druridge Bay. Blyth Bay. 
1 2 1 2 3 4 1 2 3 4 1 2 3 


Plaice ase a SO Con a Sine Zoe 24. el Oe Ga Stoune LO eel Oe OUby e10) 
Dab oe Reel Oe 371007 159) S86)" “S6e "20" Ot 68e 94) 29) | 472 as 
Flounder ... cone GO 8s —- — 1 2—- — 2 —- —- —- — 
Turbot... ae Qa eS SS iS i SS i re ii Se ie Te ee 
Sole es CeO Cr re ee 1 — 3 1 1 — 2 
Gurnard ... soo 4 25056) 16400 tel Ge el ee 49 7 204 20 26 — 
Angler... we 18 == 25° 4 9 20 3 oD —— 425) 21! 9 
Whiting ... wa oS lS 2 — 2 1 —- -—- - FOr 
Haddock ... i 3 oo 1 1-— 1 8;s—- — 
Cod - - —- — 1 —- —- —- —- FOr 


Besides the individual peculiarities it will be observed that 
there is a great contrast between the northern bay, Skate Roads, 
and the southern bays, Alnmouth to Blyth Bay. The plaice- 
dab relationship for each of the bays from north to south is Skate 
Roads, 218:15; Alnmouth Bay, 30:108; Druridge Bay, 30:70 ; 
Blyth Bay, 26:32. These numbers and the general catches are 
very like those obtained as the result of the pre-war experiments. 
The distribution, in other words, tends to be a constant one each 
season. 

The fish at the period of the experiments are all immature, 
whatever their size ; they include young fish which have not yet 
reached maturity and spent fish which have migrated into inshore 
waters after spawning. 

Reverting again to Table I. it will-be observed that at Skate 
Roads on both occasions large numbers of very small plaice were 
caught, measuring from about 11 to about 19 cm., and culmina- 
ting in a size of 12 to 13 em. Fortunately in the case of the latter 
of the two hauls at that station, attracted by the small size of the 
fish, all the small up to 19 cm. were retained contrary to our usual 
habit of returning such to the sea, and they were submitted 
by Mr. Storrow to a careful analysis with respect to age, both 
otoliths and scales being used for the purpose. The result was :— 
Group I., range 10-7 to 13-8 cm., the mean size being 11 cm. or 
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under = 13 fish ; Group II., range 10-8 to 19-2 cm. (50 per cent., 
12°3 to 14-1 em.), mean about 13 em. = 116 fish; Group III., 
one fish measuring 13:9 em., which indicated the three winters 
on both scales and otoliths. Two only were rejected as doubtful. 

It will be observed that at both experiments there was a very 
small number of fish with three and perhaps four winter ‘“ rings ” 
of the size 18-20 cm. ‘There was some indication of their presence 
at Druridge Bay on the 2nd September, but with this exception 
all the bays showed a similar absence of the group, and indeed of 
small plaice generally. The small plaice were encountered also 
at Druridge Bay on August 12th, and there also indicated a mean 
size of 13 cm. It will be found when we proceed to compare 
the results with those of pre-war years that the size of the small 
plaice is much below the mean size of the groups mainly repre- 
sented, Group II., but this is emphasised by the absence of 
Group ITI. i. 

Dabs were present in 1920 in greatest numbers at Alnmouth, 
where they averaged 108 per haul, and ranged from 12 to 36 cm. 
in length. As in the case of the plaice then, the inshore waters 
in depths of about three fathoms or even two fathoms receive 
each year all sizes from the youngest stages of the year of spawning 
to spent fish. At Alnmouth Bay small dabs were encountered, 
which probably had a mean size not very different from that of 
the plaice, but the most conspicuous group measured on the 
average about 18 cm., and the probability therefore is that these 
were a year older than the plaice. If they were normal in size 
they would be called Group III. fish. The dabs as in previous 
years predominated in the southern bays, and were poorly 
represented at the northern station. 

The other flat fish refer, as has been cur usual experience in 
the past, to large fish. It is to be noted that prime fish were this 
year uncommon, and brill altogether absent. 

The distribution of the gurnard, and the species we catch 
in the Northumberland area is the grey gurnard, T'rigla gurnardus, 
and seldom any other species, is remarkably similar to that of the 
dab, as will be seen from the summary table above. The angler, 
Lophius piscatorius, was obtained at most of the hauls, and it is 
evident that during the course of the experiments it was in the 


process of leaving the inshore waters. The anglers ranged in size— 
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from 16 to 62 cm., and thus included juvenile and adult examples. 
A few small whiting and haddocks were captured at the southern 
stations, and near the rocks at the north end of Alnmouth Bay a 
cod was included in one of the hauls. See Table I. 

This presentation of the results for 1920 goes to show that 
the bays along the coast of Northumberland continue to receive 
important contributions of food fish, that in the case of most of 
the species the territorial waters are a nursery for the young 
during the early period of growth, that this year, as in past years, 
the young and the adults were distributed in the bays and along 
the coast generally in a manner which is maintained from season 
to season with remarkable constancy. But this year the plaice 
emanating from the spawning of 1916 and 1917 were either poorly 
represented or very late in appearance. The condition this year 
with reference to plaice is shown graphically in figure 1. The two 
upper curves indicate the catches at Skate Roads, and for com- 
parison a similar catch made in 1906 is added. The small size 
of the young fish and the almost complete absence of the plaice, 
with a mean length of about 20 cm., are at once apparent. It 
will be observed also that the plaice above 24 cm. are approxi- 
mately normal. 


Foov.—A table, Table III., is subjoined to indicate the food 
found in the stomachs of a number of the fish. Other examples 
were examined and gave similar results. The food mostly in 
evidence was sandeel. Portunus holsatus appeared to be common, 
but was not employed to the extent found in former years. 
Mollusca apparently were very scarce. But what impressed us 
most was the large number of fish with empty stomachs, and 
the stomachs of several were found to contain sand with a very 
few amphipods. Species endowed with the power of movement 
as fish and Crustacea were present, but demersal life generally 
appeared to be scarce in the inshore waters. 

The fish examined on the three first dates were obtained 

_ for the most part in Alnmouth Bay, and those of September 2nd 
from Skate Roads. In comparison with our past experiences 

_ the food which is practically absent is molluscan food, so commonly 
found in previous years. 

a We have found in pre-war experiments that in general the 
number of fish with nothing in their stomachs increased in pro- 
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TABLE III. 


FOOD OF EXAMPLES OF THE FISH CAPTURED, 


Date. Species. Size Sex. Food. 
1920. Cm. 
Jury 29 ...| Angler ... 40 m. Angler measuring 23 cm. 
27 m. Sandeels. 
25 m. Sandeels. 
Plaice ... 29 m. Nephthys. 
26 m. Molluse. 
25 m. | Amphipod, Mollusc. 
Dab 25 ibe yy) 3) 
22 m. | Tellina tenuis. 
20 fea EaKO 
26 f Sandeel. P, holsatus. 
August 5 Angler 50 ft. 0 
41 fe i) 
30 f. 0 
28 m. Q 
Plaice ... 25 m. 0 
24 tip 0 
22 f | 10 
28 fe 0 
Dab 24 1 Tellina tenuis. 
23 1 Sand and one or two amphipods. 
22, f Portunus holsatus, sand and amphipods 
August 12 ...| Angler 39 m. Plaice (1) sandeels. 
37 m. Plaice (2) sandeels. 
35 m. Sandeels. 
Plaice ... 35 m. | 0 
34 m. | Amphipods. 
33 m. | Sandeels. 
Dab 25 a Aw) 
24 f. | Sandeels, 
22 f. | Sandeels and part of empty shell of 
| Echinocardium. 
21 i 0 
Flounder 45 if; sii 10 
36 ie 0 
33 fi. Sandeeis. 
31 i. 0 
Turbot 38 Te Sandeels. 
33 m. Sandeels. 
Gurnard 26 f- Sandeels, shrimp. 
September 2 Plaice ... 40 fe Sandeels, Nephthys. 
28 f. Nephthys. 
25 m. Sandeels. | 
Dab ..| 30 | m. | Sandeels, Donaz vittatus | 
22 f. Sandeels. 
Flounder seal) 24 f: Sandeels. 
35 f. Sandeels. 
Sl m. 0 
28 m, Sandeels- 


| 
| 
i 
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portion to the numbers caught, in other words, that in good years 
a large percentage of fish were recorded as empty. If therefore a 
comparison were made with the experiments of past years, isolated 
years of plenty could be poimted out which were in no worse con- 
dition than this year. This year, however, is far below the average 
of our records of food, and the food used is different. This may 
be illustrated in the following manner. The first line in each case 
gives the order of preference of food in the pre-war experiments 
and the second line the order in 1920. 


PLAICE :— Mollusca, Fish, Worm, Crustacea, 
Fish, Worm, Crustacea, Mollusca. 

DAB :— Crustacea, Mollusca, Fish, Worm, 
Fish, Crustacea, Mollusca. 

FLOUNDER:— Mollusca, Fish, Crustacea, Worm, 
Fish, 


The other species are practically unchanged, feeding mainly 
on fish, and fish in our tables means nearly always sandeels. The 
dab appears to be more adaptable to changes in food supply than 
the plaice and flounder. , 

Seeking for an explanation of the peculiarities of 1920 one 
naturally recalls the reports which repeatedly were made of the 
inshore surface waters being covered with oil, and on one or two 
occasions so thickly that guillemots, gulls and other birds of 
similar habits were entangled in the oil. It is obvious that the 
presence of oil at the surface would have a disastrous effect on 
pelagic life and on the pelagic stages of demersal life. When 
the first submarine was sunk off the Farnes in 1915 the oil was 
observed on the surface from Holy Island to the Coquet. The 
rocks of the Farnes were covered with oil between tide marks, 
and seabirds were picked up on the beach, dead or helpless from 
the effect of the oil on their feathers. Early in 1918 a large part 
of the southern region of the Northumberland coast was 
heavily charged with oil, and the effects were the same on the 
bird life, large numbers perishing. In this connexion it may 
be remarked that Despott writing on the decrease of certain of 
the inshore fish of Malta stated that the oil from the ships was one 
at least of the causes of the decrease 
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2.—NORTHUMBERLAND, 1892-1920. 


We have now to compare the results obtained in 1920 with 
the results of the pre-war experiments. The experiments were 
commenced by the late Ald. John Dent in 1892 with a view to 
demonstrating the effect of the by-law prohibiting trawling in 
the territorial waters of the Northumberland district. The pro- 
cedure to begin with was to visit a given bay or station, and to 
trawl for a fairly constant number of hours. The trawl was hauled 
in at each end of the bay as a rule, the small fish were returned 
to the sea, and the larger or marketable fish were counted and 
tabulated at the end of the experiment. When the experiments 
came under my charge in 1896 I deemed it advisable to allow 
them to be carried on as before, so that the previous results would 
not be lost sight of. They had a value of their own, for the long 
period of the experiment neutralised to a large extent the varia- 
tions produced by tide and other influences. In 1899 I began 
to measure the first haul in detail, and subsequently this more 
accurate method was adopted at first in association with the 
earlicr usage, and finally all the fish captured were recorded in this 
manner. 

The trawl net used during the whole period was a beam trawl, 
measuring 22 feet. The earlier experiments were conducted 
with tug steamers belonging to the late Ald. Dent, and usually 
by tug steamers hired for the purpose after the late Chairman’s 
death in 1907. In 1910 our motor boat was employed for the 
work, and satisfactorily. 

In the earlier reports, when the measuring was introduced, 
the two classes of records were distinguished as ‘‘ complete experi- 
ment ” and “ first haul,” for, as has been said, only the first haul 
to begin with was measured. The ‘‘ complete experiments ” 
were carricd on with almost uninterrupted regularity from 1892 
to 1906. The measured hauls have been recorded since 1899, 


and provide a series from 1899 to 1910, and were repeated in 
1913 and in 1920. 


MARKETABLE FIsuH. 


The earlier experiments refer only to the larger fish, and our 
records with regard to them may be first presented. To render 
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the results of equal value they have been expressed in catch per 
one hour’s trawling. The catches of flat fish are most interesting 
to us, and if in the results conclusions appear to be based on small 
numbers, it must be borne in mind that they deal merely with 
marketable sizes and with experiments which lasted in each case 
from seven to ten hours. 

The total catches of flat fish at each station each year were 
as follows :— 


TABLE IV.—MARKETABLE FLAT FISH. 


92 93 94 95 96 97 98 99 O00 OL 02 O38 04 05 06 


Skate Roads oat Ol oie ty) oe ee (OATS ep 
Alnmouth ... cco BNI PE arash Gas hie Gii/) G's) 8x4 IKE us} BR} Ri 
Druridge ... a» 2£ 18 20° 20 28 25 22 25 28 31) 53 (44 42° 26 41 
Cambois... LO LORS Se ii 2a Tt Oe Ol 24s 2OR oo 20m Zon nak 
Blyth sae a Oe 12 ds 18) 16529) 46) (39) 40 258 58) 36) 185139 

Mean ... -. 144 16 20 17 24 25 25 26 32 29 38 45 36 24 37 


With the exception of plaice and dabs, the flat fish captured 
are few in number, and the results may therefore be considered 
with reference to these species. The catches are arranged in 
Table V. to indicate the difference between those of June and 
July and those of August and September, for the experiments 
were made almost constantly from the end of June to the beginning 
of September. 

From this table it will be observed that the character of the 
bays with reference to the general distribution even of marketable 
fish has been remarkably constant during the whole of the period, 
and it still remains so in this year of 1920. The northern station 
always yields a relatively large number of plaice and very few 
dabs. The station to the north of Holy Island is similar to Skate 
Roads. It was visited on a few occasions only, owing to the 
many wrecks which occur along the shore region. The following 
are the results of three experiments for a number of hours, each 
expressed in catch per hour’s trawling. 


GOSWICK BAY 


Plaice Dab} Flat Fish. 
1898 August eee 68 900 4 mae 77 
1899 June Sas 7 6100 1 000 10 


1903 June ate 6 soc 2 560 13 


| 
6 GN Oe oe | Se es Ws Ge Pe oe ee) eR eae Wes = re Siem lea | 2 | ate SS GA | OY 1 OS | Ole ks | Oe I A We Ie 
OE IS OE) OE PSHE STE |) = ye | EE ee eine Ie OL | ST | G | NUS | 2 | OS ae) I | oe epereyah 7 
6 NE Nt Oe | Se ee i i a eS ot) BE SI I eS ett ee SF | eye 
| [| | wig 
OF |) Sh.) Oba PE 76> St 5) Ge et) OL | t-) 1 9) | Sr |e. ae 9 8 OF 8 ae OF Sr Pele. tk, | 8 OTe n8 Wigs eel oanlue 
WE) OL Ae | WA WE = Na | ae Wea ae eg Oe. Oe eG A etic) SO SS OI Ne |) estoy 
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Besides bringing out the fact with respect to markctable 
fish that Goswick Bay agrees with Skate Roads, it incidentally 
shows that the large fish usually appear late at Goswick, but the 
other results in the above table for the district as a whole indicate 
that the appearance of the large plaice varies with season. They 
may predominate in early summer or in late summer, and in some 
seasons there is relative equality, and it will be observed that when 
this last is the case all the district is involved. This is a point, 
however, which will be ketter discussed with reference to the 
size of the fish. 


It is gratifying to notice that during the period of the complete 
experiment the district on the whole has improved with respect 
to the numbers of flat fish. 


The long experiments in each bay and the records they 
furnish of the changes in the marketable fish have been valuable 
for the variations likely to affect a short experiment were to a 
large extent eliminated. They were made during the season, 
June to September, when the shore waters receive their maximum 
numbers of summer migrants, at stations of an average depth 
of three fathoms, and lasted long enough to cover at least one 
tidal phase. The information they yielded has been published 
in detail in the annual reports of the Dove Marine Laboratory, 
and further details of a summary character will be found in the 
reports for 1905 and 1906. 


MARKETABLE AND SMALL Frat Fisu.—The points which have 
been illustrated with reference to the marketable fish gain in clear- 
ness, and others emerge from a consideration of the detailed records 
when all sizes come under review. 


PLAICE AND Daps.—A. Character of the Bays.—Turning 
once more to the tables of catches made in 1920, the size of the 
plaice and dabs may ke presented as follows, the numbers refer 
ring in each case to the fish measuring up to 15 cm., from 16 to 
20 cm., and so on. 
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TABLE VI.—PLAICE, 1920. 


Size, Druridge 


Cm. Skate Roads. Alnmouth,. wage Blyth 
15 153 2, 8 2 
20 13 11 2 4 
2 Pil 14 13 14 
30 20 2 3 3 
35 4 i 2 2 
40 2 0-5 2 0°38 
45 1 0-2 i = 
50 —_— — 0-2 — 
55 _ —_— 0-5 _ 


This brings into relief the great contrast already pointed cut 
between the bays, not merely with reference to the number of 
plaice but as to the size. If we were to restrict our view to the 
larger plaice, those above 30 cm. (12 inches), the stations would 
appear to be little different from one another. It is the young 
plaice which this year particularly marks out the northern station, 
Skate Roads. In the southern bays the predominant size is 21 
to 25 cm. 

The facts for the dabs are just as striking, but in a different 
way. 


TABLE VII.—DAB, 1920 


Size. Skate Druridge, 

Cm. Roads. Alnmouth. Bay. Biytn, 
15 4 10 7 2 
20 4 60 40 21 
25 5 29 18 8 
30 1 a 5 1 
35 sie = Boo 2 1 = 
40 Bao = eae 0-2 — = 


The dab is not only more prevalent in the southern part of 
the district, but is so at all sizes. In this case the predominant 
size is 16 to 20 cm., and it will be observed how sharply the dabs 
of that size stand out in the results for the three southern stations, 


These results agree in the main with those of the pre-war 
years, but there are certain peculiarities. The 1920 experiment 
refer, it may be said, to the month of August, and the average 
results for that month from 1899 to 1913 are submitted for com- 
parison (Report, new Series III., pp. 36-37). 


a 
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TABLE VIII.—PLAICE AND DABS, 1899-1913. 


PLAICE. 

Size. Skate Druridge 

Cm. Roads. Alnmouth. Bay. Blyth 
15 ais 26 Pie 25 BC0 7 eae 2 
20 Sie 40 vee 18 see 10 q05 16 
ZO eee 58 eae 24 ae 15 G00 15 
30 aes 46 dba ile wee a7, aie 5 
35 500 22 oer wil Stare 13 wate 5 
40 as it eee 3 50 4 ons 2 
45 aes 1 PRY 1 ne 1 on = 

DAB. 

15 ie 1 isa 7 3 il 
20 Le 4 x02 42 48 31 
25 3 19 41 ils} 
30 2 4 6 3 
35 1 ~- 1 1 
40 1 = — — 


The same kinds and sizes of fish are present in the inshore 
waters in the month of August, but in 1920 small plaice were 
conspicuously abundant in the northern part of the district, and 
there was a scarcity of plaice throughout the Northumberland 
district of the sizes above, and markedly of a size about 20 cm. 
(8 inches). Dabs, on the other hand, were not very different in 
1920 from the average conditions of the pre-war years. 

For the sake of comparison the detailed records reduced to 
catch per hour’s trawling are given in parallel with the table refer- 
ring to the marketable fish. There ought to be a degree of 
resemblance between the plaice and dabs recorded by the former 
above, say, 20 cm., and the marketable sizes of these species. 
The detailed records refer to the period 1899 to 1920, and the years 
common to both kinds of experiment are 1899-1906. The mean 
for each bay with reference to catches of marketable plaice and dabs 
and for the plaice and dabs over 20 cm. of the detailed hauls are :-— 


PLAICE. DAB. 
Marketable. Over 20 cm. Marketable. Over 20 cm 
Skate Roads _... 24 abe 30 wes 5 BOE 4 
Alnmouth Ses ily) doe 28 eas 12 ee 16 
Druridge Bay ... 16 aus 36 as 15 ae 29 
Cambois ... wee 9 ren 17 Se 12 zt 14 
Blyth Ore Cat 23 Heo 35 awe i See 13 


Mean ace 18 sa 29 see 11 aaa 15 


28 we 


The plaice and dabs over 20 cm. of the measured hauls are 
more numerous than the number recorded in the earlier experi- 
ments, except at Skate Roads, where large dabs, although small 
in number, are yet prominent. There must obviously be, how- 
ever, a degree of relationship between the two kinds of experi- 
ment, and the general trend of the results from year to year may 
be indicated by superimposing the figures derived from each, 
as has been done in figures 2 and 3. In these figures the first 
or complete experimental results begin in 1892 and the measured 
hauls in 1899. Much more variation is exhibited in the short 
experiment, but neither result can be said to indicate much 
change. The change, such as it is, could be expressed by saying 
that the improvement indicated about 1895 has on the whole 
been maintained. Indeed, if we take it that we can measure 
the annual population of the plaice by Skate Roads and that of 
the dabs by Alnmouth Bay and Druridge Bay we should say 
that a distinct improvement has taken place. This, on the whole, 
has been the experience of the fishermen during the period repre- 
sented in figure 2 with reference to plaice, but according to their 
catches the dab appears to be becoming scarce in the district. 
One must discount to some extent the large catches of plaice 
made during the years of the war, but it is surprising to notice 
to what a slight extent the dabs have been captured by the fisher- 
men in the years concerned. 

In addition to the experiments in the regular bays, measured 
hauls were made at Goswick Bay, and the results are summarised 
in the following statement :— 


Plaice. Dab. Flat Fish, 
1899 June cnn 25 nee 1 S00 28 
1901 + Pav lok des 3 aes 162 
1902 35 ees 24 eee 4 506 32 
Mean ... 59 2 cC 70 


The incidence of the small fish under 20 cm. is even more 
important. It will be noticed that the small plaice are con- 
spicuously more numerous than the large at Skate Roads, but are 
fewer to a slight extent usually in the southern bays. In the case 
of dabs, on the other hand, the small under 20 cm. far outnumber 
the large at all the southern stations. This is to say, that the 
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FIGURE 2. 


Chart showing catch per hour of marketable plaice (1892-1906), and of plaice 
over 20 cm, (1899-1920). 
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Ficure 3. 


Similar chart to the foregoing with reference to dabs. 
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FIGURE 4. 


Mean catch per hour of plaice and dabs during the year, with relation to 
the surface temperature of the sea. 


31 


rt 


young plaice are found numerously only in the northern part of 
the district, and small dabs in the southern. 

SEASONAL CHANGES.—We have so far considered the results 
of the experiments made during the period June to September, 
and even so it has already been apparent that we are not dealing 
with a static population confined to territorial waters, the pro- 
tection of which would be bound to lead to improvement. But 
this becomes abundantly plain when the same stations are trawled 
over in the colder part of the year. During the summer the in- 
shore waters are rich in plaice and dabs, and receive also other 
flat fish, but in winter they undergo a conspicuous relapse in all 
kinds of flat fish. A number of experiments have been made 
to demonstrate this, and when the results are brought into relation 
with the summer experiments the general trend of the population 
during the year is found to follow closely the changes in the 
temperature of the water (figure 4). 


SEASONAL VARIATION, 1899-1913 
1.—PLAICE. 


Jan. Feb. Mar. April. May, June. July. Aug. Sept. Oct. Nov. Dec. 


Alnmouth 5:3 a 0 vf 
Druridge 9:3 16 te Dat 
Blyth ... 21 23 24 


DAB, 


Alnmouth 0 —_— 


Druridge 0 1:3 B ila fey oR AB Bh OG Se) § eR ce 
Blyth ... 3 0 0 Oss 1s.) 184. 41 7S) 50) 7 De 
; 1 7 1 GR aly RE Sa) RIS 300 


The seasonal changes will gain in clearness by an inspection 
of the following table, Table X., which gives with reference to 
size the results of successive visits to the various bays. 

We have now the evidence before us to demonstrate certain 
important points relating to the plaice and dabs of the shallow 
waters close to the shore on the Northumberland coast, and the 
evidence could be made still more impressive by a fuller state- 
ment of the results. 
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TABLE X.—DETAILS OF SELECTED CONSECUTIVE HAULS TO MOE oe 
SHOW SEASONAL CHANGES. : 


PLAICE. eo 


SKATE ROADS 


15 20 25 30 35 40 45 50 50+ 
1901. | 
June 10th, 26th, 28th .... 57 41 15 8 3 1 = = = 
August 6th wee Sag) XY 6 4 19 1 —_ — — — 
| a ff 
1902. 
June 26th nee soa) YAR 14 4 3 4 — a —_— = 
July 30th ae nod) AR | Te 28 | 14 3 = — — 
September 8rd... ..., 10 | 13 6 9/ 5}/—}]/—]—] — 
| | 
1903. | 
June 25th, 26th lena 16 22 27 8 1 == — = 
August 4th =... ...| 24 | 35 | 17 9 |oss) | se) ten 
ee eee ee pee 2 | ee ee 
1906. | | 
June 27th ate soo!) 1a 22 11 SB & 1 — — —_ 
| | | 
Auguststh  «.. «| 43 | 43) || 22°26 te fe 1 i 
August 29th... sl OB 85 58 3479) 18 1 1 — —_ 
| —EEEEE 
1907. | 
August 29th... oles 10 69 57 | 25 2 1 —_— — 
| 
| 
September 4th ... eee 9 21 26 PAS [Ve salad 1 — —- — 
| 
September 27th Sal, ek! 39 if 27 | 25 4 1 —_ 1 


TABLE X. (Continued). 


% PLAICE. 
s r A.NMouTa BAY. 
y | | i 
| 15 | 20 25 20 25 40 45 | 50 | 50 } 
Doe Peak | a pi phenol 
| | 
190! | | | 
Jaly 2ith ee eed ecle e5talwe 7 — — _ —-/— 
August 14th ... «| 47 | 25 | 87 | 14 8 |/—{]1)/—] — 
! | 
1902, | | | | 
July 30th Be ea 22/0 11 13 10 1 a — 
August 27th... pol ally) 210) 24 10 7 2 2 — _ 
| 
1903. | 
July Ist’... a sod ald) ily/ 8 10 2 3 - — —_— 
August 19th sea | 9 7 7 7 = — | — — _ 
1908. | 
October 15th ...  ...| 23 | 27 | 19 2 2 UT eS lel cee 
November 12th... ae 1 7 21 10 1 — Se — 
1909. | | 
January 5th — |; 1 3 2 2 —- ) et — 
April 8th... 21 5 3 2 6 2 - — — 
May 20th 1 15 26 1] 1 = = | = = 
July 16th Neal ec20o |e |r ait 2 1 ied Waal hg 
August 13th Meh RS 14 18 11 2 1 — j — 
August 27th Hoge es © SI eth he Get Bl ee, (a ee es ev 
1910. | 
September 30th Socal, ext 14 15 16 — 1 — — _ 
October 6th 49 | 21 S$} 5 1 — os | a 
1911, | | 
March 6th Big A SER ile Tee it RE EE ee = | = 
1913. | 
May 29th ike 4 1 3 — — — — | — 
June 11th se 7 12 _ 8 2 1 a= — | — 
July 11th sn eee 8 3 9 12 11 — — — 
Aupashist 0 |.) 3 | 22 6 8 3 Sodio, fil Mace | = 
August 18th os ae 6 34 TZ 9 9 5 1;};— — 
September 10th Aaah wali 23 9 5 2 1 2;— _ 
November 1st il 9 7 3 2 1); —|— — 
| 
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TAALE X, (continued). 
PLAICE. 


DRURIDGE BAY. 


1901. 
July 10th O00 
July 31st 
September 4th ... 
September 12th 


1902. 
July 16th 
August 20th 


1903. 
July 15th 
August 12th 00 
September 9th ... 


1906. 
July 4th... 
August 22nd 


September 5th ... 


1907. 
August 19th 


September 4th ... 


September 14th 


1908. 
September 16th 


November 12th... 


1909. 


January 5th B00 
February 18th ... 


April 8th... 
May 20th 
July 16th 
August 13th 


1910. 
September 30th 


October 6th coo 


1911. 
Macrh 6th 


1913. 
May 29th 
June 11th 
July 11th 
August 1st 
August 13th 
September 10th... 
November 1st 


| 
| 15 | 20 | 25 30 | 35, 40 | 45 50 | 50+ 
6 6 7 3 7 1 1 = | 
ARG 8 7 4 4 1 il "| 
cag ali! 8 2 4 Ale rt — — —- |} — 
S| enn ies 51 2900) ee 
ee EEE Eee 
1 2 15 17 12 
6 8 35 44 | 44 | 4 1 2 Vee 
10 11 3 igen lia al Sa 
1 3 1 10 | 12 S| = | 
1 5 10 10 | 5 ae hie 
1 5 6 1500) at Gale te Vee 
1 5 8 3 ee cl eerie || 
8 | 24 13 Telly ee 90) =e 
8 5 4 8 if 20 —— 
Gal a 2 5 1 =| 
15 7 5 8 2.0) ee 
| 
5 15 9 3 2 1 | OS ee 
1 6 3 3 3) 00 ne 
| 
2 TTB Hips 2 1) 
ee || eS 1 5 1 ees 
a 4 10 3 Se i) 
Pe Kn 12 9 2 1) 
3 | 25 10 17 1) ee ee 
1 10.) $5 | 42 | 49 4) 
6 1 1 4 4 5 Die 1 
5 5 1 3 9 3 1 fl 1 
a 1 3 se 
rs isles 2 20 ee 
24 2 1 4 3 5 s= 1 
= 6 6 3 4 nn een feat | 
qt | 36 4) 431) ao) |) S22" 9) pon se ee 
= 5 6 1 1 1 1) = 
i) se 9 2 6 | 320) =— Se 
2 4 5 5 9 8) oo a 
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TABLE X (continued). 
PLAICE, 


CAMBoTS BAY. 


15 | 20 | 25 | 30 | 35 | 40 | 45 | 50. | 50+ 
1901. | 
July 3rd... ae seal TY all ale) 4) 2) = — — — — 
| | 
AMCUet Ost ae wey fcsck 18) 23° | a8 | TE rj/—,—|{|—|— 
September 4th... .... 3 | 6 Dilla al = | an = ae 
1902. | | 
June 28th qe) Ot) sa | ae ae) es ae ea Cae 
July 2nd eee) (28 | 6a 1 64) Yate eae Ne 
1 | | 
July 23rd eee 1g) 6a) ge Shy alee, | =e eens 
1903. | | | 
July 9th... BSS SS) vl 3 3 4 — — _ _ 
Mogus2behieeers er) A WAR || AD | ee oe 
1906. | | 
July 25th See tt” 6 2 | 1 r1|/—!}—]—]|]-—- 
} 
| 
September 2nd ... dod) ee 8 | 4 1 | —_ — — — 
| 
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TABLE X. (Continued). 
PLAICE. 


BiLytH BAY. 


15 20 25 30 3b) | 40 45 50 50+ 
ee Re | se ||| freee eh | 
1903. 
July 23rd ase ide 4 26 25 16 5) = = = a 
September 2nd ... Got il 2 38 14 = = = a 
— 2 Lions 
1904. 
June 30th eer eel 2 2 8 2 
July 20th coc ef 6 14 17 5 2 
August 17th 2 2 1 33 iil — 
1905. | 
July 26th 2 5 15 13 CAS ee 
August 23rd 4 10 13 1 1 = 
1906. | 
June 20th 6 9 4 4 3 — 
July 25th — 4 4 5 2 1 
August Ist AG 1 15 25 17 4 2 
September 12th 6 4 13 7 (4 1 
1907. 
September 6th ... “oc 740) 10 11 11 il = 
September 20th 7 6 7 9 6 1 
1908. | 
September 4th ... 5 i 13 2, 1 = 
October 8th a6 10 20 19 5 7 3 
November 12th... — 10 10 4 4 — 
1909. 
January 5th 80 2 3 7 4 5 == 
February 18th ... 8 5 7 1 2 
April 8th... 8 10 11 7 6 tga 
May 20th 7 19 9 8 —_ = 
July 16th 3 26 4 8 | il —_ 
August 13th 2, 10 2 | — | —_— = 
1910. 
September 2nd ... 16 1 83 6 4 _— == — 
1911, 
March 2nd 2, 6 4 a 4 1 
1913. 
May 29th + 5 2 3 3 _ 
June 11th 7 13 9 14 6 | 48 
July 11th 9 33 12 6 1 _ 
August Ist 1 22 14 4 8 2 
August 13th ze 3 23 20 4 13 a 
September 10th —_ 19 12 6 3 5 
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TABLE X. (continued). 


DAB. 


ALNMOUTH BAY. 


| nus PAD) 25 30 35 
1901. | 
July 24th iets aGO 9 il?/ 4 — —_ 
August 14th ... wes! 5 20 13 3 1 
1902. | | 
July 9th... PAI) fel 9 3 iL 
July 30th ooua leans: 1 yoo cae ale ee 
August 27th | 12 | 106 | 15 Bales 
1903. 
July 1st ... aus saa Tee ales 13 2 — 
August 19th ite vs] 4 47 15 2 — 
1908. | 
October 15th 3 45 13 5 —_— 
November 12th... | Te dle 36. ae320 9 1 
1909. 
January 5th —- i =- — — — 
April 8th ae anaes — — —_— 
May 20th — 1 2 1 —_— 
July 16th 1 22 15 ws 2 
August 13th 1 54 34 3 — 
August 27th 1 2 3 1 oo 
1913. 
May 29th — 16 2, 5) 2 
June 11th is aes 1 43 27 6 — 
July 11th eS Peal sole ona eee Aes 
August Ist 5 95 50 4 1 
August 13th Ss ad 5 113 31 2 — 
September 10th 4 1 15 13 3 — 
November Ist 1 — 2 1 1 
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TABLE X. (continued), 
DAB. 


DRURIDGE BAY. 


15 20 25 30 35 40 | 45 50 
1907. | 
August 19th ; — 12 33 6 — — | = — 
September 4th ... 1 15 35 7 4 — | — — 
September 14th... 1 36 H 6 1 - — — 
1908. 
September 16th 1 75 62 10 1 —}/-—-|]= 
November 12th... — — 1 = = —- — — 
1909. | 
January 5th . — — — -- — = |) = — 
February 18th ... — _- 1 1 —- - — — 
April 8th = il 1 il -= ad — _ 
May 20th — 2 7 1 — oa = | = 
July 16th = 13 7 is) il — — = 
August 13th = 41 57 8 1 — —_— — 
1910. 
september 30th — 9 PAC 2 — 1 — = 
October 4th il 7 22 8 — 1 — — 
1911. 
March 6th = | = — 1 — — — — 
1913. 
May 29th — 10 7 3 2 1 _— = 
June 11th iL 23 10 — — _— _ _— 
July 11th iB} || » B45) 15 2 1 — — = 
August Ist — 5 8 2 —_ —_ — — 
August 13th 50 = 1 — —_ — —_— _— — 
September 10th — 7 9 od — = — — 
November Ist — 1 1 2 — — — —_ 


1907. 
September 6th ... 
September 20th 


1908. 
September 4th ... 
October 8th 
November 12th... 


1909. 
January 5th ses 
February 18th ... 
April 8th... 
May 20th 
July 16th 
August 13th 


1910. 


September 2nd... ase 


1911. 


May 29th... 
June 11th 

July 11th 
August 1st 
August 13th 
September 10th 


39 


TABLE X, (continued). 
DAB, 


BuLyTH BAY. 


15 p20) 02m sO 
1 Gs 4 
Se lei lees 4 
Ls || 916 8 1 

Say Pie) NPL 2 

——d — 2 — 

—- -—-}] = 1 

— | 22 4 1 
Bi lihi Ode lpi kd 1 

-- 8 | 10 

— 6 Spa ane 
a OEE See 5 
Gy | 60p i peat 5 
I al bs 7 1 
ih 28 7 1 


em bo 
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1. These species are not sedentary but enter and leave the 
regions in question, and there is a conspicuous annual immigration 
and emigration. In the case of plaice the minimum condition is 
reached in February and March, and maxima are usually apparent 
in June and August and September. Dabs almost entirely dis- 
appear from the shore waters from November to April, and reach 
a summer maximum in July or August, and a double maximum 
is sometimes evidenced. 


2. Large numbers of immature and small numbers of those 
approaching maturity and spent fish take part in the periodical 
seasonal migrations. 


3. The annual inshore migration presents the peculiarity 
that the plaice of all sizes predominate in the northern part of the 
arca, and the dabs in the southern, and finer analysis shows that 
what is true of the district as a whole is true also of the sub- 
divisions. In each bay it has been found that the plaice tend to 
the north end, and the dabs to the south end. It will be observed 
that in chart 8, which illustrates the catches of the fishermen 
in the respective areas with some degree of overlapping that the 
distribution is equally well brought out, that is to say, that the 
catches even by line illustrate the general distribution and relative 
proportions of the species. 

Our trawling experiments have reference therefore to a 
fluctuating population, subject to daily movements with relation 
to tidal and other influences and to a conspicuous annual seasonal 
migration, associated with temperature changes. Obviously the 
fish cannot move in winter inshore for our trawling has been done 
close to the shore, and it may be presumed therefore that they 
move offshore or into estuaries. This population of plaice and 
dabs is recruited each season by arrivals from the spawning grounds. 
Our results therefore bear witness to the success of the spawning 
seasons and of the conditions of growth and food supply at the 
size when from 10 to 15 cm. (4 to 6 inches) they are liable to be 
caught in the trawl. At these sizes they are in their second and 
third summers for the most part and are already, as the evidence 
shows, undergoing the seasonal change of position. It will be 
seen that with increase of size and strength the seasonal migra- 
tions become more and more extensive. 
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3.—DISTRIBUTION OF SPECIES OTHER THAN PLAICE 
AND DAB. 


It will be seen later that Northumberland does not stand 
alone with respect to the distribution of the plaice and dab, but 
it will help us to understand the problem if we first consider the 
other species we capture at our experiments on the Northumberland 
coast. 

Too much stress certainly cannot be laid on small catches 
of prime flat fish, but so far as it goes the evidence points to turbot 
and brill being more common in the north, soles in the south, and 
the catches of the inshore fishermen agree with this. The flounder 
is generally distributed, although as a rule scarce in the districts 
trawled in, but it also may be said to predominate in the north, 
as is evidenced from this year’s catches. It is natural to expect 
that the attraction to fresh or brackish water would produce an 
effect, and as a fact flounders occur in fair numbers, for example, 
in certain years in AlInmouth Bay and in Blyth Bay. 


FirounpEerR.—Tables XI. and XII. give the numbers caught 
per hour’s trawling during the years of the complete experiment 
and the years of the detailed records. The species only rarely 
appears in the region of the trawling stations, and, it will be 
observed, may be absent altogether during a day’s visit to one of 
the stations. But in Table XI. the figures for flounders for the 
first four years are doubtful. The marketable flounders were 
obtained most commonly at Skate Roads and at Alnmouth, and 
the flounder exhibits, generally speaking, like its congeners, a 
rise and fall during the summer. During the winter a few large 
flounders we1e obtained at Druridge Bay and Blyth Bay, but 
they were absent from Alnmouth. It will be noticed that the 
young, which were only represented in numbers on a few 
occasions, were confined practically to the southern bays, and 
from this point of view (Table XII.) the distribution centres at 
Alnmouth. The distribution then has the peculiarity that the 
large sizes predominate in and characterise the northern part 
of the coast, including Goswick, while the young are more con- 
spicuously present in the south. The district as a whole receives 
in addition spent fish. It will be observed also that if a change 
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may be deduced from our catches it points to the species declining 
on the Northumberland coast. 


Tursot.—These are for the most part large immature and 
mature specimens which penetrate into the shallow waters of 
Northumberland during the summer. A few, measuring 15 to 
20 cm., have been captured, showing that even young stages are 
present, but most measure 25 to 30 cm., and some reach the size 
45 to 50 em. (18 to 20 inches). The distribution is tolerably plain 
from Table XIII., and it will be noticed that it is the same as 
that of the plaice, and this is borne out by a consideration of the 
detailed hauls. They appear in the inshore waters in April and 
May, and leave in November. Turbot are captured mainly by 
the northern fishermen of the district, and ‘‘ brat’ nets were 
used up to recent times for their capture in the autumn at several 
of the stations until they finally disappeared at Craster. Like the 
plaice, the turbot predominate in the southern and eastern part 
of the North Sea, and theic seasonal behaviour there is the same 
as the plaice. 


Britt.—The brill are large as a rule, and occur much less 
plentifully in the inshore waters of Northumberland, a fact which 
is also brought out in the statistics of the catches of the fishermen, 
but it will be noticed from Table XIV. that their distribution is 
like that of the turbot. They are rare in the North Sea generally. 


SoLE.—During the years of the complete experiment, 1892- 
1906, soles were obtained in small numbers, but constantly, and, 
indeed, during the period an improvement in the numbers was 
evidenced. The distribution in the case of the marketable sole 
is remarkably like that of the dab. They predominate at the 
southern stations, especially at Cambois, the bay between New- 
biggin and Blyth. The size of the captures is indicated in Table 
XVI., which gives a synopsis of the detailed records, and from 
this it will be observed that the soles are mainly large, immature 
and spent. It is seldom that soles under 20 em. (8 inches) are 
captured, but a fair number has been got between 20 and 30 cm. 
(8 to 12 inches), and between 30 and 40 cm. (12 to 16 inches)., 
Soles over 40 cm. are obtained at all the stations, but mainly, 
like the other sizes, in the southern bays. Statistics again bear 
out the distribution. They are summer visitors, and include 
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immature and spent fish, which leave about October or November 
and return about June. It was found, however, that one or two 
of the older fish may remain during the winter, as was proved by 
trawling at Alnmouth in January, April and May. 

A. consideration of the rarer groups serves to indicate the 
nature of the annual invasion of the more common species. They 
are all summer visitors, and all include young and adult. fish. 
The complete or practically complete disappearance from the 
shallow waters along the coast shows that a seasonal migration 
takes place which affects all. In all cases the Northumberland 
waters almost to the shore present every stage from the young 
to the old, although not as a rule reaching the maximum size. 
The conclusion is inevitable therefore that if the young do not 
migrate far they are joined by larger, older fish, and some of the 
latter may remain in shallow water even during the winter. The 
main population takes part in the scasonal migration, which 
follows so closely the rise and fall of the temperature of the sea. 
The degree of the retreat and the advance is thus correlated with 
size and strength. Now, in addition to this movement there 
appears to be another or a modification of the seasonal migration 
which brings about the distribution which we have found to 
characterise the different species. 

The gurnard and the angler, although not so valuable as the 
foregoing, yet occur in sufficient numbers to be of importance. 


GuRNARD.—In 1920 the catches arranged so as to bring out 
the numbers with relation to size are :— 


TABLE XVII. GURNARD; 1920. 


Cm. Skate Roads. Alnmouth. Druridge. Blyth. 

15 0 il 10 ui 0 1 1 4 0 2 11 1 0 
20 BD 2 | 42 54 10 10 10 42, 1 162 8 23 0 
25 2 if | 3 3 1 3 a 3 4 35 0 2 0 
30 0 0 0 0 0 1 i 0 i} 4 1 0 0 
a. 0):,,.0 | PO Oia Neate Te ds bod 1 vaeiitlen rac 


The mean size of the young at Blyth on July 29th was 10 
and 15 cm.; at Alnmouth, 16-5 cm.; in August at all the bays, 
17-5 cm. ; and in September at Druridge, 19-5 em. 

The distribution is like that of the dabs, and it agrees in this 
respect with the results of past years. During the summer each 
year gurnards arrive in the inshore waters in variable numbers, 
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but in all cases the bays to the north of the southern half of the 
district receive the greatest numbers. The invasion begins about 
May, and the wave of arrivals gradually increases until the latter 
part of August when the return to deeper water begins. They 
leave the inshore waters finally about October or November. The 
sizes most in evidence from the results of the trawling are 14 to 
to 28 cm., but even the predominant sizes during the season pass 
gradually from 15 or 16 to 18 em., and at the end of the season 
only a few large gurnards still occupy the bays. As with the other 
species considered therefore the summer immigration consists 
mainly of young immature fish, which are joined by a number 
of spent fish after the spawning season. 

But there is a difference. Normally and usually the dabs 
increase in numbers towards the south, reaching a maximun at 
Cambois. The gurnards are most numerous at Alnmouth and 
Druridge, and tail off to the south. The distribution is therefore 
more like that of the plaice ; the difference is that instead of the 
headquarters being in the neighbourhood of Holy Island it is in 
the region of Coquet Island. 

This is borne out by a consideration of the school of gurnards 
of the Scottish waters adjacent. It has its headquarters to the 
east of the coast of Fifeshire, and tails off to the south in the Firth 
of Forth, and we evidently do not meet another school to the 
south of the Forth school until we come to that of the Northum- 
berland coast. It appears to be obvious therefore that in the 
case of the gurnard we have schools derived from isolated spawn- 
ing assemblages. The spawning season is April to August, and 
the eggs are pelagic. In the case of the Scottish school just 
mentioned, the spawning ground must lie to the north-east of 
the area which receives the bulk of the “‘O” group, and in that 
of the Northumberland school to the north-east of the Farne 
Islands. In each case the products of the spawning are assembled 
on a recruiting ground, and move inwards to gain a position in 
shallow water. There they are joined during the next summer 
by the older groups and spent fish, especially by the immature, 
which have immediately preceded them as occupants of the region. 
These come into the shore region each summer in an ever increas- 
ing crowd; and during each season the mean size of the pre 
dominant migrants gradually increases. This may be in some 
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degree associated with an increase in length due to the summer 
feeding, but it is plainly correlated with a succession of migrants 
according to size. The conclusion is therefore that with increas- 
ing strength and size the outward migration is more and more 
offshore. It follows from such a conclusion that the tendency 
in the summer is to concentration inshore and in the winter to 
segregation offshore. The evidence furthermore of the details 
of the annual inshore incidence in the respective bays points to 
a southward tendency of the migrants when they reach coastal 
waters, and a northward tendency when they are leaving. 


ANGLER.—The following table shows the occurrence of this 
species in the shallow waters of Northumberland since 1899. 


TABLE XVIII—ANGLER. 


99 00 01 02 03 04 05 06 O7 O8 O9 10 13 20 Mean, 
Goswick 0o—- 211-—- —- —- —- - F- rOerer ll 4 
Skate Roads ... ee le ele TOL UG i Sie Sea ON, Basle oD 3 
Alnmouth 1 EPSP 2 57 (Od) 2 SGT cae RO oe 5 
Druridge 1 elven ees Gig Die pvt 9) Sih 6) ia Dae oe ZO yO 5 
Cambois ee Oneal) 1 Bi) beet | te) 1- - -—- -— — 4 
Blyth —— eon Oe OL OF "Ol Or 22,” ie Ol eee els 4 


It is generally distributed along the coast, and was most 
successful in 1906 and again in 1920. It is remarkably inconstant 
in its history in Blyth Bay, but in both of the years of plenty 
Blyth Bay participated in the wave of immigration. .This species 
is distinctly a summer visitor, appearing in May and persisting 
to October or November. A reference to Table I. will show that 
all sizes are caught from about 15 em. (6 inches) to 50 or even 60 
em. (20 to 24 inches). 

The interesting feature of the species is that the egg masses 
are pelagic, and are carried, it is believed, down the coast from 
some distant spawning ground to the north. The masses have 
been captured off the Northumberland coast in herring nets, and 
the larve have been captured in local plankton. 

It is very rarely then that the eggs are found and the larve. 
The young stages up to the period of those caught as in our trawling 
experiments are still less seldom seen. These facts, together 
with the evidence of the long pelagic drift of the larve, point 
to the spawning taking place for the most part in the Atlantic. 
There can be little doubt from the work of Agassiz, the observa- 
tions of Murray and Hjort off Newfoundland, and the occurrences 
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recorded by Schmidt of the larve in the region where the eel larvee 
were procured that the larve are transoceanie in distribution. 
Nevertheless the records of the occurrence of the egg-bands as 
far south in the North Sea as off Northumberland shows that 
spawning occurs in the northern North Sea at least. When 
they arrive in coastal waters they still migrate contranatantly, 
and they form, for example, a regular feature of the summer 
population of the Northumberland coast. The seasonal migration 
of the immature we know, but the spawning migration is usually 
evidently a long contranatant one.* 


Spur Doariso.—In the early days of the Northumberland 
experiments young spur dogs, Aacnthias vulgaris, were obtained 
in shallow water at the trawling stations in fairly large numbers. 
This was certainly the fact in 1893 and 1896, but since then they 
have not been observed. The records point to the females migrat- 
ing inshore to liberate the young, but that usually they do not 
migrate so far inshore as in the years mentioned. They were 
simply recorded as “small,” but the size was such as to indicate 
they were in their second summer for the most part. The young 
of the year were procured inshore at Hartley in November, 1896. 
The species has not, however, declined in numbers. We have 
frequently observed that large numbers have been landed by 
trawlers, and of a size which points to the young not migrating 
so far inshore. On August 25th, 1911, the North Shields trawlers 
had large catches from the grounds about eight miles off the coast. 
One of the vessels had from three to four cartloads, and in 
another the gear was broken when hauling the catch on board. 
Again, in 1915, large numbers of spur dogs were landed during 
the latter part of the year, and especially in October. Most were 
obtained about 70 miles north-east by east of the Tyne, smaller 
numbers from the North-East Bank and still smaller numbers 
nearer the coast. A sample was measured and was found to 
consist of 50 males, 24 to 31 em. in length, and 12 females, 20 to 
28 em. in length. They were therefore small in size and young 
fish, but it is interesting to note that even so marked a segregation 
according to sex was manifested. The segregation of the adult 
females is understandable from the fact that they migrate inde- 


* 1920, Bowman. Fish. Bd. for Scotland, Sc. Invest.,1919, No. 1. 
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pendently of the males to give birth to the young, and this is an 
inshore migration, but the congregation far from the shore in 
large numbers in October shows that the young speedily become 
vigorous contranatant migrants, keeping, however, together in 
shoals. 

This year, 1921, dogfish were numerous in May and June. 
In May 30 cwts. were captured by North Shields trawlers; in 
June, 205 ewts. Some were obtained about 150 miles E.N.E. 
of the Tyne, but the bulk of the catches were made in local 
waters north and south of the Tyne, at a distance of about 
14 miles. 


4—DISTRIBUTION OF PLAICE AND DAB. 


The foregoing results indicate that the shallow waters of 
°2-5 fathoms on the coast of Northumberland annually receive 
an immigration of important flat and round fish, that the immi- 
grants on the whole gradually increase in size during the summer, 
and that most leave the inshore waters close to the shore in the 
winter. It has also been apparent that the immigrants are dis- 
tributed along the Northumberland coast with remarkable con- 
stancy each season. | 

The “ Garland ” and the more recent ‘“ Goldseeker ” trawling 
experiments of the Scottish Fishery Board indicate that the dis- 
tribution of the species is similar on the Scottish coast and in 
deeper water. In the region extending from the north of the 
Firth of Tay to the south of the Firth of Forth there is a similar 
assemblage of plaice and dabs to that of Northumberland. The 
estuary of the Tay is a plaice area, that of the Forth a dab area, 
Forty years ago a “bag ”’ of plaice could be easily obtained during 
a flood tide fishing on the sandbanks at Broughty Ferry, and the 
same is likely the case to-day. 

The plaice caught per hour’s trawling by the ‘ Garland” 
and by the “ Goldseeker ” illustrate with great clearness that in 
depths of 6 to 20 fathoms the conditions of the Forth school with 
respect to distribution are the same as those of Northumberland 
in depths of 2-3 fathoms. 

The figures show also that plaice and dabs are subject to the 
Same seasonal change. But at all seasons the plaice and dabs 
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while retaining their relative proportions do not leave the region 
so completely. There are more dabs, and especially more plaice, 
which winter at 20 fathoms than at 3 fathoms. The mean size 
at the greater depth is larger than at the less depth, and as we have 
found in Northumberland the younger and smaller plaice predom- 
inate in the north of the region. 


FIRTH OF FORTH SCHOOL. 


Stations. Per Hour. D— Mean. D+ 
Carnoustie ess eas 22 tas 21 noe 2G. 5nd 33 
St. Andrews 500 ase 138 Ada 20 dao 27 AGA 335 
Firth of Forth— 

VI. aoe Bae. eal! sae 30 bac 36 we 43 
iD esa wae 77 exe 27 ae 33 aes 39 
TAVis ciate 05 23 s85 24 ans 32 and 43 
VII. abe Ate 19 Os 26 noo 33 Ba 43 


The stations are arranged according to position ; the average 
depth is about 10 fathoms ; stations VI. and II. are situated on 
the northern side, and IV. and VII. on the southern side of the 
Firth of Forth. In the Forth school of plaice the largest numbers 
appear in the north of the region, and the small plaice are found 
for the most part likewise in the northern part of the region. This 
is as we have observed exactly what occurs in Northumberland. 

In addition to the stations mentioned trawling took place 
at other stations in the deeper water of the middle of the Forth. 
Stations I. and III. le close together between stations II. and IV. 
up the Firth, station V. between stations VI and VII. at the mouth 
of the Firth, and VIII. and IX. still further out. The results for 
these stations were as follows ;— 


Fathoms. Per Hour, D— Mean D+ 
liGiBAG 365 10—16 An 14 500 28 nee 34 oar 42 
III. sere 8—10 wee 3°5 eae 26 o08 33 ee 40 
Viitieser oes 20—30 550 74 bee 3l aoe 38 ae 485 
VIII. ane 20—30 B68 2 500 27 506 35 Dee 45 
IX. S00 29—32 a60 2 woe 26 wee 34 sh0 48 


It is evident therefore that fewer and somewhat larger plaice 
are captured in the deeper water of the estuary. 

But it is the seasonal variation in numbers which brought 
into comparison with that of the Northumberland school is of 
importance. For the Firth of Forth stations the results are 
arranged as follows :— 
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Station. Jan.-Mar. April-June, July-Sept. Oct.-Dee. 
VI. ae S6c 64 COD 113 coc 230 ats 143 
1a “60 S00 22 ane 1138 oe 91 300 44 
IV. oot coc 16 cco 40 Bor 12 nite 13 
Willies 3: eats 8 Bac 35 <a 25 as 30 


At station VI. on the north side of the Forth the plaice arrive 
in April to June, reach a maximum from July to September, and 
during October to December suffer a loss which becomes sharply 
marked in the early months of the year. This is also the North- 
umberland experience, but it is evident that a large number of 
plaice remain in the greater depth just outside that of the North- 
umberland experiments. 

The figures are interesting otherwise as indicating the method 
of immigration and emigration, but the point which it is wanted 
here to emphasise is better brought out in three stations of the 
Moray Firth, the stations of Burghead Bay. The lines trawled 
over were parallel to one another and with the shore, and the depths 
respectively of the three stations were a 10, b 10-20, c 20-34 
fathoms. 

The plaice caught per hour’s trawling were as follows :— 


Jan.-Mar, April-June, July-Sept. Oct.-Dec. 
a ae ame 86 ase 198 eae 267 S00 646 
b cop Bae 90 oot 36 nee 46 ok 327 
c cee oot 37 aa 17 occ 42 nO 95 


The outward migration from the shore is correlated with a 
gathering of plaice in winter in depths of about 10 fathoms. It 
is also manifested at the greater depths, but is somewhat later 
in its incidence, and the change to the winter maximum offshore 
is clear. The mean size of the plaice at station “a” is 26 cm., 
of “b” 27 cm., and of “c” 34 cm., and this indicates that the 
inshore congregation is followed by an offshore segregation, a 
fact which is further illustrated by the catches in deep water off 
the Forth and in the deeper water of the Moray Firth. The 
emigration, is partial and not to a great distance, from, say, about 
2-5 fathoms to about 10-15 and so on, and an intimate relation- 
ship is thus maintained to the greatest depth. 

Besides this inshore and offshore movement, the latter to 
increasing distances with age and size, another tendency is at 
work which brings about a determination at all stages of the plaice 
at the north end of the school, or, in other words, the contranatant 
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end of the school. The opposite condition characterises the dabs. 
This is the law of distribution which I stated in 1905—Report 
for that year, page 3l—and tried to explain, Report for 1914, 
and in the Inter. Rev. d. ges. Hydrob. u. Hydrogr., Bd. VI., 1914. 

Another point comes into view by a further inspection of 
the Forth and the Moray Firth experiments of the Fishery Board 
for Scotland. From the ‘‘ Goldseeker ”’ results, with reference 
to the mid-Forth stations, it is at once apparent that the shore 
plaice have only a partial relationship to them. The migration 
appears to take place along the shore rather than outwards by 
way of the deeper water of the Firth. Even if the deeper stations 
at the mouth of the Firth be considered it is evident that the depart- 
ure and return take place in relatively shallow water. This leads to 
the conclusion that the immigration is from north to south, and 
the emigration in the opposite direction. With this is correlated 
the fact of the inshore manifestation of the migration in the warm 
months of the year, and the deeper water maximum immediately 
offshore. With increase in size the plaice tend to migrate not so 
far into shallow water in the summer, and the evidence indicates 
a later appearance of the migrants which do penetrate into 
territorial waters. The result of such movements is plainly 
indicated for the three parallel stations of Burghead Bay. (See 
the above table.) It goes to show moreover that the autumn and 
the winter maximum is due not only to a migration from the 
inshore of the smaller plaice but also to the coincident inshore 
migration of the larger plaice. 

It is thus clear that the inshore regions of maximum, such 
as those of the Tay and Holy Island, are contrasted with regions 
of minimum during the summer in deeper water, but this contrast 
is naturally not so apparent in the intervening regions south of 
the Forth and south Northumberland, which approach more to 
the conditions outside. 

Along the east coast of Scotland and the north-east coast of 
England plaice are arranged in groups, two of which are especially 
here referred to, and there can be little doubt that each is related 
to a spawning assemblage on the current side of the school. The 
largest school is that of the southern North Sea. From the 
spawning grounds to the south of the Dogger, which are known 
to be enormous, the eggs and larvee are carried towards the con 
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tinental coast, and the young plaice are obtaincd in immense 
numbers in and to the north of the Heligoland Bight, but are 
spread from the coast of Holland to beyond Esbjerg of Denmark. 
Outside this region the small plaice present distinct spring and 
autumn maxima, pointing as in the other schools to an inward and 
outward movement. This gradually gives place in mid-North 
Sea to the less densely populated regions of the northern part of 
the North Sea. Nevertheless there are many reasons apart from 
those of distribution to show that this enormous school of plaice 
or mingling of many schools of plaice of the south North Sea is 
relatively self-contained and migrates with growth each season 
more and more towards the English coast, the large plaice occur- 
ring near the coast of England. 

In the deeper North Sea the plaice is so reduced in numbers 
that in comparison the dab rises to a place of importance, which 
it maintains because of direct increase in numbers in the southern 
part of the North Sea. 


5.—_STATISTICS OF PLAICE AND DAB. 


The catches made by the Northumberland inshore fishermen 
are given in the following table. The details were presented in 
the Laboratory report for the year 1905, when a review of the 
white fisheries of the county was published. The table now 
submitted is meant only to show in summary fashion the annual 
catches for the two districts of the county during the years 1895 
to 1920. 


TABLE XIX.—Annual catches in ewts. of plaice and dabs by inshore fishermen in the 
uorthern and southern districts of Northumberland. 


Northern. Southern. 
Plaice. Dab. Plaice. Dab. 

1895-1905 SOD ase 105 ass 19 See 71 
1906-19138 soe 3il oat 41 D060 3l siete 61 
1913 onc n00 219 eee 51 S06 52 600 27 
1914 Bo sae 406 ati 44 ae 33 one 13 
1915 = oe 359 Boe 46 ees 64 wae 3 

1916 es A63 631 o56 88 a0 118 o06 69 
1917 505 oie 619 Aa 26 tc 49 See 48 
1918 ae mere 889 néo 17 Adc 101 GeO 27 
1919 oe 508 412 Sa0 18 A60 81 eee 29 
1920 nee were 339 wae 0 us 44 san 6 


The figures are indicated graphically in figure 8, and the table 
and the diagram show that the propoztion and distribution already 
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demonstrated from the results of the trawling experiments are 
borne out by the statistics of the fishermen’s catches. An analysis 
of statistics, even with respect to line fishing, is sufficient to indicate 
the broad distribution of the fishes in the inshore waters. In 
figuce 8 the two divisions of the county are indicated by the letters 
N and §, and it is plain, as has already been shown, that plaice 
are more plentiful in the north and dabs, at all events, are more 
common in the south. It will be observed that during the period 
dabs have suffered a decrease and plaice especially show the effects 
of the more interse fishing of the years of the war. It is remark- 
able that during these years so few dabs were obtained. By 
means therefore of an appeal to statistics it is possible to show 
that not merely in the Forth and the Northumberland regions 
such a series of maxima and minima as we have found obtain, 
but that it is a general fact of distribution. The condition is 
not altogether due to fitness of ground, for it has been found 
that plaics always tend to the north end of the bays and the 
dabs to the south. So perhaps universally it may be said that 
even with respect to small areas the plaice occur on the con- 
tranatant side and the dabs on the denatant side, and other species 
could be named which could be similarly contrasted. 

In the reporé for the year 1903 it was stated with regard to 
plaice that growth took place proportionally, the breadth and other 
measurements being proportional to length. The weight is pro- 
portional to the cube of the length, and can be found from the 
formula w = kl’, where w = weight in ounces, k = -0067 and 1 
= length. This formula also allows of an estimate being made 
of the number of fish of a known mean size in a given weight. 
The plaice caught by the Northumberland fishermen measure on 
the average 9} inches, and the mean annual catch since 1895 
has been 350 cwts. The number of plaice caught each year by- 
the fishermen is found to be = oO ele 109,300. The 

0067 x 9-53 
number of plaice landed on the Northumberland coast thus is 
on the average about 109,300 each year. 

The constant k with reference to the dab is -0061, and the 
number of dabs may be similarly stated to be = 80,000. The 
average size of dabs landed in Northumberland is 8 inches. 
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The relationship of measurement to weight has been estab- 
lished since the formula was introduced for other species, even to 
round fish. It is espc cially interesting with reference to the latter 
to find that the general “ straight line ” relationship of the various 
measurements is a fact of growth. 

This estimate of the population of the inshore fishes has 
another importance. It was found in the case of plaice that the 
number of marked fish returned from the captures made by fisher- 
men amounted to 14 per cent. This is doubtless a small number, 
and the Scottish and other marking experiments with reference 
to larger plaice show that 40 or even 50 per cent. of the marked 
fish may be returned. Suppose we assume that in the inshore 
waters the line fishermen capture 20 per cent. of the population 
about 94 inches, then the Northumbeiland population of plaice 
of the larger immature sizes is about 546,500. The plaice con- 
cerned are for the most part of three to six winters. They are 
the survivors of the two preceding groups, Groups | and 2. Now, 
if we take the analysis of the experiment made this year at Skate 
Roads on September 2nd, which showed that 130 were captured 
of 1 and 2 groups and 52 of the older groups, as indicating the 
degree of survival, this amounts to 40 per cent.. Let us say 30 
per cent., for the smaller of the younger stages are less likely to 
be captured, and it can be said that the young plaice of the inshore 
waters of Northumberland amount to some 1,821,700. The 
inshore waters then must be looked upon as performing an 
important function in receiving and supporting, and to some extent 
protecting, a large population of the food fishes. 

An inspection of our previous experiments shows that the 
survival above 20 cm. is variable, but is usually above 30 to 35 
per cent., so that the above computation. is likely not far from the 
truth. In a good year it may be said that the inshore plaice of 
Northumbcrland amount to over two million. 

If this be an indication of the wealth of the North Sea, in a 
small narrow tract like the territorial waters of Northumberland, 
how much more must the plaice population of the important 
nurserics in the southern North Sea be regarded. From the 
immense spawning grounds of the southern part of the North Sea 
large crowds of larve are carried to the continental coast and give 
rise to an inshore population which must be reckoned in millions. 


“ 
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It is necessary to realise to some extent the wealth of the 
annual contributions, the death rate at different stages,,and the 
sampling done by fishing as that by experimental work. 


1915. Buchanan Wollaston. Report on the Spawning Grounds of the Plaice in the 
North Sea. Fish. Invest., Ser. II., v. 2. 
Rosa M. Lee. Review of Commercial Trawler Statistics. Fish. Invest., Ser. II., 
Vr 2. 
1915. Wallace. Report on the Age, Growth and Sexual Maturity of the Plaice in 
certain parts of the North Sea. Fish. Invest., Ser. II., v. 2. 


6.—MARKING EXPERIMENTS. 


The preceding presentation of the facts has served to state 


the nature of the seasonal migrations and their effects in deter- 


mining the location of the inshore fishes and their relationship 
to the distribution in general in the North Sea. The variations 
produced by tides and the variation brought about by the con- 
ditions of successive seasons have also been indicated. But our 


‘knowledge of the movements of these fish has been greatly extended 


by marking experiments. During a number of years samples 
of the fish captured in the trawl net were retained and marked and 
liberated. The fish were measured, usually weighed as well, 
and when they were recaptured we obtained not merely informa- 
tion as to migration but as to growth, and the experiments enabled 
an estimate being made as to the effect of fishing on the total 
population of marketable fish. 


FLouNDER.—The accompanying chart (figure 5) exhibits in 
a graphic manner the results of the marking experiments with 
respect to flounders. The basal line marks the time from that 
of marking to recapture, and the vertical lines the size. The 
flounders were marked and liberated during the summers 1904-07. 
It will be observed that the flounders captured not long after 
marking in‘the first quarter showed, as we should expect, little 
or no migration. What little migration was exhibited was to the 
south for a short distance, but in winter and spring the recaptures 
were somewhat to the north of the place of liberation. This goes 
to indicate that the inward movement is to the scuth as well as 
inshore, and the winter offshore movement is to the north. But 
from February to June, and especially in March and April, which 
is the season of spawning, the flounders were captured for the 
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most part in the Firth of Forth and opposite the coast of Fife, 
and this region marks therefore an important spawning region 
of this species The journey involved varied from 13 to 89 miles, 
the average distance being 53 miles. It will be observed in the 
chart that the direction is indicated by a letter, and the distance 
by the number of miles The flounders which performed this 
migration were found to be mature, spawning or recently spent 
fish. The southerly migration of the spent fish is exhibited by 
other examples, as will be noted, and the persistent denatant 
tendency of the immature is illustrated by the examples which 
migrated 8 miles and 81 miles in that direction. It will be observed 
also that the flounders captured in the subsequent summer had 
either not migrated or had returned to the region where they were 
marked ; and those which emerged from the immature, like their 
predecessors, migrated to Scottish waters to spawn, one of them 
to a distance of 93 miles—it was captured just north of Aberdeen, 
and had probably therefore attached itself to the spawning assem- 
blage of another school The other example was captured in the 
Firth of Forth, and there was still another, the sex of which was 
not stated, which in December had not apparently migrated 
This goes to show that there is a conspicuous difference between 
the immature and the mature with respect to migration. We 
have to take note of the fact that the immature and some of the 
spent fish appear to be stationary or to migrate to the south, and 
that the mature with approaching maturity are forced to perform — 
a migration on the average of over 50 miles to reach and join 
the spawning assemblage, that they may indeed go far enough 
to reach a spawning ground beyond that to which the majority 
go. It is evident also that all the mature flounders do not migrate, 
that a spawning season may be passed without a migration taking 
place. The majority may be said to ripen at the spawning season, 
but a few which from size may be regarded as being of the necessary 
age have evidently not joined in it. The migration of the mature 
is so remarkably constant as to make it clear that it is performed 
in response to an imperative call, and it takes place during the 
winter preceding the spawning. 


Tursot —The recaptured turbot were so few, about 7 per 
cent., that the particulars may be given in detail. 
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Increase in Size 


Liberated. Recaptured. From. To. Sex. 
cm. cm. 
1905. 1905. 
. Aug 7. Skate Roads ... Sept. 14. Skate Roads sen, SBA 30 1 
2. Aug. 2. Druridge tes, DEC; 7. 4 miles E.S.E. 
Coquet, 28 fs. ... 298 32:8 m. 
1906 
3. Alem 2. 7 Nov. 17. H.N.E.Coquet ... 27 26:2 m. 
1908. 
a PAUSE wiz An ..- May 20. 5orS9 Ne Ea e een ee 40:9 m. 
1909. 
Oy eA 50 ... April 2. 20 miles N.E. by N. 
Flamborough ... 31 52 f. 
1907. 1909. 
6. Aug. 29. Skate Roads ... duly 16. 48 miles HE. 4S. 
Aberdeen Goo. PAs) 43°8 i, 
1909. 1912, 
% duly 29. si .. June 28. 30 miles E. 3\N., 
Isle of May see 29 49-5 m; 


Fifteen turbot were marked on August 2nd at Druridge, and, 
as will be observed, four were returned to us, but this was the best 
result. The fist (1) of the recaptured fish showed no migration 
during the same summer, the second (2) an outward and northerly 
migration in the ensuing winter, the others were captured after a 
longes period of absence. Spawning does not appear to take place 
to any marked extent in the northern North Sea, nevertheless our 
inshore waters receive young and spent fish in summer. The 
spawning season is April to August, and at or about that season 
the fourth example was got 110 miles E. by N. of the place of 
liberation. No. 5 was obtained after an absence of nearly four 
years 75 miles to the south. Nos. 6 and 7 were recaptured off the 
east coast of Scotland. 

The evidence is not complete enough to establish definitely 
the migrations, but taken with that of the distribution before 
described, it is evident that the outward migration is to the north- 
east, and the spawning migration to the north. The spent fish, 
as No. 5 indicates, may perform a long migration to the south, 
but how far and in what divection it had migrated during its years 
of absence one cannot say. 

A few soles and other species were marked, but no recaptures 
were reported. 


Pratce.—Large numbers of plaice were marked in the years 
1903, 1904, 1909 and 1913. The results so far as the recaptures are 
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concerned are displayed in figure 6. The plaice marked were on 
the whole small and immature, as will be noted from the size of 
the examples captured and returned to us. From a consideration 
of those caught in the season of marking and in the following 
winter and summer it is plain that little or no migration takes 
place. There is a practical blank from November to January 
each year, coinciding with that displayed by our trawling results 
and the captures of the inshore fishermen, but their reappearance 
in February and their persistence in territorial waters during the 
summer is amply illustrated by the returns as displayed in the 
chart. The migrants either returned to the bay where they were 
marked or showed a slight tendendy to a southerly migration. 
They are relatively sedentary, however, in the sense that the 
seasonal migration is not to a great distance, as has already been 
proved by an appeal to statistics and trawling experiments, and 
the return is to the same feeding ground. 

During the first winter after marking, two were returned 
which had migrated far to the north, and another was obtained 
from Scottish waters in the following spring. Again, after the 
lapse of more than a year, in the second winter of liberation, three 
were returned to us from Aberdeen, Grimsby and _ Billingsgate 
markets, but no information was obtained as to place of capture ; 
it is evident that they must have migrated a considerable distance 
to have been captured by other than local trawlers. Note must 
be made of two females which in March had apparently not 
migrated during a long period of liberation and of a size which 
pointed to maturity. With this exception all the plaice which 
had in the meantime reached mature size were recaptured after 
about (or more) than two year’s liberation far to the north, one 
as far as the Moray Firth. This is so consistent that we are 
justified in concluding that the plaice of the Northumberland 
coast on approaching maturity, when they measure usually over 
30 cm. (12 inches) migrate to join the spawning assemblages of 
the Firth of Forth, of the Aberdeen Bank, and even of the Moray 
Firth. The marking experiments made in Scottish waters have 
proved that the mature plaice of the Forth region may migrate 
far to the north, to the Moray Firth and still further north and west, 
and the Moray Firth plaice even to the Atlantic, via the Pentland 
Firth. The difference between the migrations of the immature 
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and the spent fish and the migrations which result from the call 
of maturity is again prominent. va te 

The ‘ Goldseeker”’ experiments as well as the  earlicr 
‘Garland ” experiments in Scottish waters have been analysed 
by Fulton.* They evidence a general contranatant migration. 
Our results illustrate the relatively static condition of the immature, 
the summer inshore migrants. The deeper waters just outside 
the depths of the Northumberland oxperiments are shown by the 
Scottish results to contribute still more intensively to the con- 
tranatant spawning migrants. They indicate also that with 
increase in size the large immature plaice migrate inshore for 
winter, and usually denatantly. They may remain inshore from 
December to May, and still tending to move southwards, returning 
northwards and offshore later in the summer. The winter 
maximum in moderate depths is thus contributed to by migrants 
from the shore and by larger migrants from offshore. In still 
deeper water the spawning migrants are more numerously repre- 
sented amongst the large sizes marked, and the non-spawning 
migrants are winter inshore migrants for the most part. 

We gather from these experiments, viewed as a whole, that 
the young plaice after their denatant pelagic journey are gathered 
together on a recruiting ground, actively moving inshore to the 
shore region or in that direction. They retreat to the region 
beyond tide marks in winter. They remain in relatively the same 
region during the ensuing summer or migrate mshore (Group 1). 
Next winter they move out into still deeper water, and migrate 
inshore in summer (Group IT.). This seasonal migration is repeated 
in the case of Group III., but the incidence of the inshore appear- 
ance is somewhat later. Group IV. do not appear until late in 
summer, and spend the winter in shallower depths. This is 
almost precisely the migratory sequence of the gadoids. The 
spawning migration, as we have seen, is a contranatant one, and 
after spawning the seasonal migrations are resumed. The plaice 
then become inshore denatant migrants, and are found frequently 
far to the south in the region of the eastern North Sea. 


* 1913, 5th Rep. Fish. and Hydrogr. Invest., Fish Bd. for Scotland, 1919, Sci. Invest., 
No. 1, Fish, Bd, for Scotland. 
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Dap.—The dabs marked in 1903, 1904, 1905, 1906, 1907 and. 
1913 have given results which are rather different. Those caught 
shortly after marking (see figure 7) made little or no migration, 
but during the subsequent winter a strong tendency toa southerly 
or denatant migration was shown. In the October following 
marking, out of twelve examples recaptured six females were 
stationary, | male had migrated north for 7 miles, two males and 
two females to the south and one to the east. In the following 
winter months similar results are apparent, three having been 
got to the north and three to the south, and the southing is to a 
greater distance in the case of two of these. In the early part of 
the succeeding summer, four females had apparently made no 
migration, one female had migrated far to the north and two to 
the south. Later in the summer, two large dabs were got to the 
north, and the dabs under 30 cm. to the south. In November, 
after an absence of more than a year, a female of 25 cm. was got 
about the same place where marking took place. It may be said 
then that the immature and the spent fish are decidedly denatant. 
The probability is that the northerly migrants, as has indeed been 
found on enquiry, are mature fish. 

The strong tendency to a southerly migration of the immature, 
especially during the winter, is in remarkable contrast to that 
of the other species. During the winter they move south and 
east, and winter for the most part in depths of about 30 fathoms. 

There is or usually is a conspicuous migration of the dabs 
from the inshore waters, and in spite of the great distance travelled 
during the winter, the return appears to be usually to the same bay 
or one in the immediate neighbourhood. We at once associate 
the southerly migration with the peculiar distribution of this 
species in the bays and in the district asa whole. 

The plaice and especially the flounder during their sojourn 
in the inshore region are liable to enter fresh water. The flounder 
moves into rivers in October, and may remain in estuaries during 
the winter. Plaice in many cases have been proved to enter 
brackish water on their return from the offshore migration, that 
is to say, from February to April. Indeed, in both cases they 
may remain for a longer period at least in estuaries. Whatever 
the attraction may be in these species, it is probably a general 
one affecting all to some degree, A potamotaxis has been observed 
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to direct the movements of the larve and young to dilute water, 
and while it has been found that the migrations each season’ 
are closely related to temperature an additional impulse to the 
shore region may be provided. It is not universal in its influence, 
for at the period that plaice and flounder in the immature state 
are found in brackish water, the same species of about the same 
size may be procured beyond territorial waters. We can only 
say then that during the winter some of the immature plaice 
and flounders migrate offshore, and that both may migrate into 
estuaries at the same period of the year. 

In complete contrast to the seasonal migrations of the immature, 
are the migrations of these species when they receive the call of 
maturity. Then the migration is to a great distance, and it 
appears universally to be a contranatant migration. The flat fish 
of the Northumberland coast, so far as our information extends, 
migrate with approaching maturity far to the north to join spawn- 
ing assemblages off the east coast of Scotland, and the Scottish 
marking experiments, so fully reviewed by Fulton, plainly indicate 
that the flat fish of the east coast of Scotland similarly migrate 
to the north and contranatantly, and may, many of them, reach 
the north of Scotland, even the Atlantic. In this case it is evident 
that the migration is performed in response to an impulse brought 
about by the change in the gonad. During its development the 
gonad gives rise to an internal secretion, which carried by the 
blood has special effect upon the nervous system. 

That this is the fact is at once clear when we recall the migra- 
tion of the eel at maturity to the western side of the North Atlantic, 
and the many anadromous migrants in and into fresh water. In 
these cases the blood by the internal secretion is able to control 
the nervous system, and a striking migration results. But it is 
evident that more or less all fish are similarly affected. In certain 
cases the internal secretion is able to produce somatic effects as 
well, as in the dragonet, elasmobranchs and the salmon in which 
secondary sexual characters are developed. It is worth recalling 
also that the migratory effects are not confined to fishes, for the 
common crab behaves with oncoming maturity almost exactly. 
as the plaice‘and flounder. As every inshore fisherman knows, 
the crab migrates each season with the greatest regularity inshore 
in summer and offshore in winter, and the fact has been proved 
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by marking experiments. Marking experiments have demon- 
strated also that as the females become mature they migrate 
from the Northumberland coast to the region of the Firth of Forth, 
some still further to the north, and they may attain to the Moray 
Firth. It is after migration that the females come into berry, 
as the act of spawning is termed. After the ova are hatched, 
ecdysis takes place, and with ecdysis, pairing. It isevident there- 
fore that the crabs at this stage are once more in the condition of 
those marked originally on the Northumberland coast, and that 
therefore when they become mature, that is when the gonad once 
more commences to develop, the migration will be still again in 
a contranatant direction. The interesting feature of difference 
in the crab as compared with the fish is that the female only 
migrates for spawning. As has been said, pairing takes place 
during the ecdysis of the female, and the gonad of the female 
may not commence to develop until long after the event. It is 
then that the hormone is produced. The ripening of the male 
gonad is not accompanied by migration, and it would be interest- 
ing to know whether this is due to the hormone being withheld 
or its effects inhibited. 

We are led to conclude therefore that the spawning migration 
is due to the action of an internal secretion, and is a special mani- 
festation produced by the same or a similar cause as that which 
makes a buck mad in November and a hare in March. In many 
cases somatogenetic results are produced, but the effect we have 
to note in fishes is the contranatnat migration which brings about 
congregation. We have seen reason to conclude also that the 
stimulation is not the same with reference to the sexes, and indeed 
may be very different, but with fishes as a rule it is complimentary. 
It has been observed in several cases of assembling for spawning 
that the males arrive first and occupy the region during the 
spawning season, while the females enter the region when about 
to spawn, and leave after the operation is ended. The spawning 
event, however, of the female is not continuous, but is spread over 
one or two weeks, a succession of spawnings being separated by 
several days of rest.* 

Spawning therefore is concentrated in particular regions 
which have been specified and more or less well demarcated from 


* Report, 1911, p. 24. 
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investigation, and that such assemblages do occur follows from 
the consideration that fertilization is external and pelagic and 
especially from the consistent results from year to year of the 
distribution from them. It may be added that the difference 
in habit of the males and females is a general one and is not con- 
fined to fishes. Im my paper on the generative organs of the 
porpoise I gave reasons, for supposing that the sexes behaved 
just as they have been proved to do in fishes.* 

There are one or two points of more theoretical interest which 
may be briefly touched upon before we leave the consideration 
of the blood control of the nervous system and internal secretions. 

Fishes are conspicuously contranatant in the adult condition, 
and especially when migrating for spawning. In the young state 
they are denatant, and the denatation is not confined to the drifting 
period, but still dominates the movements even when the power 
of contranatation has been acquired. Contranatation first 
definitely emerges amongst the fishes and is not thereafter lost, 
but amongst the groups below fishes it has only been discovered 
by the larger and active Mollusca and by the Crustacea. ‘The rest 
are permanently denatant whether they be holoplanktonic or 
meroplanktonic. The interesting feature which is to be remarked 
is that in fishes and in Crustacea and probably also in Cephalopoda, 
which have become capable of contranatation, the stimulus to a 
contranatant migration is provided. 

Ontogenetically and phylogenetically then contranatation 
arises from denatation. During the denatant period the larve 
tend to congregation also, and we are led to enquire whether 
this is due to the accident that they have emerged from the same 
area, and are carried by the same currents to the same place or 
to an agency which promotes the congregation. The same general 
fact is true of holoplankton and meroplankton. Whilst admitting 
the trend of the common factors in bringing about the congrega- 
tion, it is probable that the tendency to crowd together is due to 
the action of a primitive hormone which is not at all unlike that 
of the spawning migration, a primitive physiological attraction, 
as old as cell division and dating from the Protista. 

Whether this be the fact or not, it is obvious that at all stages 
fish and their predecessors are responsive to environment. The 
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young are attracted to dilute water, and the succeeding stages 
make their seasonal migrations in almost direct relationship to 
temperature. Fish and other larvze are frequently transported 
across the oceans, and are peculiarly modified to promote the 
long pelagic life. It is when they reach continental waters that 
they change into the adult. It may be presumed therefore that 
in such cases something is at work which inhibits the change 
until the conditions are favourable. The environment may in this 
case be said to be the degree of salinity. The change, it may 
be suggested, is under the control of an organ which has the 
power of retaining the larval phase, or, in other words, of inhibiting 
the next phase of life. Those who are familiar with the morphology 
and physiology of the lower creatures will be able to suggest organs 
the purpose of which has remained obscure, but with regard to 
fishes we feel that at all events the adolescent period is controlled 
by the thymus, and that when the gonad is permitted by the 
thymus to grow the thyroid is able to control maturity. It is 
obvious that some such control must take place, for it is not suffi- 
cient that a state of ripeness be attained, the periodicity of the 
spawning calls for a seasonal, common culmination of the process 
of ripening.* 


7.—SUMMARY AND GENERAL CONSIDERATIONS. 


Piaice.—The large spawning grounds of the southern North 
Sea contribute annually immense numbers of young plaice to 
the continental shallow waters. The seasonal migrations of these 
schools, and even the spawning migrations, are mainly confined 
to the south. On the eastern and western borders of the North 
Sea, other than those occupied by the southern plaice, the spawning 
assemblages are smaller and more distinctly isolated ; the pro- 
ducts therefore form well-defined schools. The Northumberland 
school is associated with the spawning ground off the Firth of Forth, 
the Forth school with that off the coast near Aberdeen. In the 
former the young plaice are spread along the coast of Northum- 
berland, in the latter from Forfarshire to the north and south coasts 
of the Firth of Forth. It will be observed that the distance and 
the area concerned are much the same in each case. Spawning 
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takes place from about the middle of January to May, and recruit- 
ing, as evidenced by the presence of young plaice near the shore, 
plaice of about 1 cm. in length, from March to August. The 
spread of the larve in the currents results in an inshore and an 
offshore distribution. The former quickly become demersal, 
some even before hatching, and undergo their changes more rapidly 
than the latter, and all stages between these extremes may be 
presumed. During the drift the larve are orientated head to 
current, but this factor may be neglected for the direction is, 
reversed four times a day. The larve duiing the denatation 
are attracted to shore water, and the young after their transforma- 
tion are still liable to continue the denatation by becoming pelagic. 
The result is a gathering in a known area of the young of the year. 
The gathering is particularly dense in one part of the area near 
the proximal end. From this region the population of recruits 
diminishes rapidly next the spawning ground, and tails off moze 
gradually distally. The normal conditions are liable to be changed 
by winds and the modifications they produce in the currents at 
the surface, and this factor must be regarded as an important 
one in determining the result of the annual spawning. But even 
under normal conditions it is evident that the larvee spread over 
deeper water are carried into regions beyond those of the school, 
and that such are absorbed into a school or schools on the denatant 
side of that to which the products of the spawning ground are as 
a whole relegated. 

It is important to realise the dynamic forces at work if we 
are to understand the distribution. Granting that in all cases, 
such as that of the plaice, the floating egg ard the helpless larva 
are carried from the spawning ground to the recruiting ground, 
that the spawning ground and the recruiting ground are related 
in a down current direction, as is proved by the constancy with 
which the products are distributed, it follows that the distribution 
of plaice and of other species of similar habit is produced by 
the aperiodic currents. A succession of spawning grounds occur 
along the path of the current, and therefore the plaice of the 
northern current of the North Sea are distinct from the plaice 
of the southern North Sea. Not exclusively, for where the 
currents merge opportunities for mingling will be presented. 
ELoth the northern and the southern currents are derived from 
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the Atlantic, and both may be said therefore to be related, but 
the contranatant powers of the adults tend to correct the early 
distribution. With developing powers of contranation and with 
increasing individuality the older fish press beyond the realms of the 
two currents. .The two races may be said therefore to be more 
liable to mixing in the neighbourhool of the Dogger Bank than 
elsewhere, even than in the Atlantic. 

The young plaice of the year so familiar in shore pools in 
the summer arrive at a size of a little over 1 cm. They are 
earried into shallow water, to the shore and into estuaries. During 
the summer they grow rapidly, and in October attain a size of 
5 to 10 em., the range depending on the above circumstances, 
The inshore members of the recruits then migrate from the shore, 
and the winter is spent in shallow waters and in estuaries. During 
the second summer they still occupy much the same ground and 
progress in size, 11 to 18 cm. At the end of the summer a partial 
migration takes place into slightly deeper water—partial in the 
sense that those outside migrate a short distance into deeper 
water, their places being taken by those inside and so on. The 
shore waters at this period are almost completely deserted. A 
return migration of a similar nature takes place in the spring. 
They are now in Group II., and the procedure is again very 
similar to that of the previous summer. Groups II. and II., 
plaice which have had two and three winters, form in numbers 
the main bulk of the plaice captured in shallow waters, and our 
trawling records show that they are accompanied by the succeed- 
ing immature groups, together with spent fish. Our experiments 
have been conducted in shallow depths of about 3 fathoms or even 
less, and they therefore demonstrate with great clearness how 
closely the seasonal migrations follow the annual trend of the 
temperature of the sea. The experiments have shown also that 
the migration is out and in with reference to the coast, and that 
at the same time the species does not merely tend to maintain 
its position to the coast but actually during the migrations makes 
some degree of progress contranatantly. This has been demon- 
strated with reference to both the Forth and the Northumberland 
schools. It might be urged that the original distribution of the 
young would explain the fact that the distribution affects the 
district in each case as a whole and the sub-divisions thereof, 
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but the distribution of the dab points to another factor being 
at work. 

The Northumberland plaice therefore during the years of 
immaturity remain in or near the territorial waters, partially 
migrating inshore and offshore according to season. 'They do not 
leave the district, but the figures in detail indicate that they are 
liable to be joined by others from deeper water. We have not 
enquired carefully as to the age when maturity takes place. The 
majority of the plaice marked during the summer of various years 
ranged from 13 to 30 cm., but the most only 20 to 24 cm.. The 
majority would therefore be of Groups II. and III., with a few 
of IV. and V. The smallest female which migrated from the 
district for spawning measured 29 cm., and probably belonged 
therefore to Group IV. It was not until the following season, 
and the second season after that of the marking, that the plaice 
had grown sufficiently to become mature. Such measured 30 
to 34 cm. (females), and 33 to 45 cm. (males). The examples 
are not numerous, but they point to maturity arriving when the 
fish are in Groups IV. and VI. Wallace found from an examina- 
tion of the plaice of the Channel and the southern North Sea up 
to and including the Dogger Bank that the age at maturity 
increased with latitude, that of the Channel being three years 
(males) and four years (females), southern North Sea five years 
(males) and six years (females), and of the north-east part of the 
Dogger six years (males) and seven years (females). At the time 
of spawning the Northumberland school would probably range 
from four to six years, and are thus more like the plaice of the 
southern North Sea. It may be found that the plaice of the 
northern current present a similar succession as that shown by 
the Channel plaice and those of the southern North Sea. 

Maturity brings about a conspicuous migration differing 
totally from that of the immature. Many of the Northumber- 
land plaice jom the spawning assemblage off the Forth, but some 
migrate as far contranatantly as the Moray Firth. Fulton has 
shown in his account of the marking experiments on the coast 
of Scotland that the Moray Firth plaice may migrate to the 
Atlantic. It is evident therefore that if originally the products 
of the spawning grounds are liable to be carried beyond the limits 
of the school the migrations of the mature are not necessarily 
confined to the school. 
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After spawning, the spent fish migrate denatantly as a rule, 
and many of them enter territorial waters. 

The migrations of the southern race of plaice are similar at 
maturity, but the direction is towards the English coast or the 
Channel. It is again a contranatant migration. 

It will not be necessary to review at length the life histories 
of the remaining species, for it is obvious that with reference 
to fish with similar habits the sequence of events is bound to be 
much the same. 

The flounders of the Northumberland coast also come from 
a spawning ground off the coast of Fife ; other spawning grounds 
are situated to the north and the south of the Tyne, but these 
contribute to schools in the North Eastern district. The spawn- 
ing takes place in March and April, and the recruits appear inshore 
in June. During the years of immaturity the flounder in spite 
of its marked predilection for fresh water behaves much as the 
plaice. It does not migrate from the district, and not for a great 
distance within the district. Maturity occurs at a size of about 
25 cm., and the flounders from that size to over 40 em. migrate, 
the most of them, to the east coast of Scotland. But as with other 
species all the adults do not become mature every season. The 
spent fish may migrate to a great distance denatantly, and are 
common inshore. 

Amongst the other flat fish, turbot and brill are similar in 
distribution and habit to the plaice and flounder. 

The dab is different at all stages. Spawning takes place 
from March to May; the young appear inshore about June, but 
they are spread over wide areas of various depths. The inshore 
dabs are markedly periodic at all events as illustrated by our 
experiments in regions close to the coast ; their seasonal migra- 
tions are distinctly related to temperature. At the same time, 
they exhibit a strong tendency to denatation, even at a size of 
between 15 and 20 cm. As a result they are distributed along 
the coast of Northumberland and in the region of the Forth in a 
manner exactly opposite to the plaice. They predominate in the 
southern parts of these regions, and tail off to the north. The 
fact that such a distribution is repeated on the adjacent regions 
of the east coast of Scotland and Northumberland plainly proves 
that we have nevertheless to deal with two schools derived from 
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two. spawning grounds situated not very differently from those 
of the species already. referred to, but the products which grow — 
up from the recruits are so denatant in the case of the dab as to 
produce a totally different concentration of the immature. We 
understand therefore generally the distribution and the life of the 
dab of the east coast of Scotland and of Northumberland. It 
is necessary and important to obtain information with respect 
to this species in the southern North Sea. The sole amongst 
the flat fish behaves apparently in similar manner to the dab, 
but’ in our district of Northumberland it is near the northern 
limit of its distribution on the east coast. 

In addition to the species described in this report many round 
fish, some of which are referred to herein, are similarly carried 
into territorial waters, and grow there during the years of 
immaturity, remaining in or near the district. All these beginning 
during their early pelagic life as plankton feeders gradually turn 
more and more to the demersal life of the district, and attention 
has been drawn to the great population supported within the 
district. It has also been seen that untoward circumstances, 
such as the liberation of oil over the surface waters of the area, 
may have a profound influerce on the amount of food available, 
even on the pelagic stages of the fish. The effect, however, 
fortunately is local and transient. In addition, also, the annual 
migrations of immature and spent fish from the south bring 
species like the. mackerel into the Northumberland region. 

It has not been deemed necessary to draw particular atten- 
tion to species other than those which are illustrated in the results 
of the trawling experiments. It will be observed that the purpose 
of the experiments was to obtain a knowledge of the origin, dis- 
tribution, food, growth and migrations of the species concerned, 
This summary of the results of the experiments which have been 
conducted since 1892, and with which I have been indentified 
since 1896, deals therefore with a section only of the work done 
in connexion with the Cullercoats Laboratory, and it may be 
remarked that the experiments have been made at little cost to 
the community. It may be asked whether the knowledge derived 
is worth having from the point of view of administration and of 
the fishermen. There are people identified with both aspects 
of the question who think that it is unnecessary to have such 
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knowledge, and there are others who grant the desirability -of 
getting the information, but say that it is a bad way to do so 
by removing fish from the district, which ought to be considered 
the property of the fishermen. With regard to the latter it is 
obvious that such forget how small the sample removed for 
scientific work is compared with the fishermen’s catches, and how 
small the fishermen’s catches, though significant, are compared 
with the population supported by a district of some 200 square 
miles. 

With reference to the former contention, a few further remarks 
may be made. To begin with, we have to note that the inshore 
waters are rich in immature fish, and receive also mature fish, 
including many of the important species of the North Sea. During 
the winter migration these do not leave the territorial waters to 
any great extent, and the area and the fish are reserved for the 
fishing operations of the inshore fishermen. Our results, together 
with the statistics, go to show that the protection tends to pre« 
serve as large a stock as the area may be said to be able to support. 
It has had during the last quarter century its ups and downs, 
but as a whole it has improved, and it is reasonable with all the 
facts before us to conclude that the protection has done and is 
doing good. This is what the Northumberland Sea Fisheries 
Committee wanted to know, and thus from an administrative 
point of view the work has been a success. It is important to 
know that the young fish do not leave the region of the Northum- 
berland coast, with some exceptions which have been pointed out, 
that the survivors from stage to stage remain in the district. This 
is a gratifying result, not merely from the view of administration 
but to the inshore fisherman. 

The trawl fishermen, excluded from the territorial waters, 
obtain the benefit of the growth and protection afforded by the 
inshore waters, for the fish after attaining the size of maturity 
leave the district. They migrate to the north and to deeper 
water. This concerns us in two ways. First, it shows that the 
strip of territorial waters of the North Eastern district contributes 
to the extra-territorial waters of the Northumberland region 
as the Northumberland inshore waters do to those of Scotland. 
There is a complete inter-relationship between the coastal and the 
deeper North Sea in succession all along our coast, and the 
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condition once realised indicates to some extent the importance 
of the knowledge gained, especially as to the extent to which 
the inshore waters contribute to the catches of fishermen in extra- 
territorial waters. Secondly, it demonstrates the national import- 
ance of administration. In our case it happens that our district 
is intimately related with the east coast of Scotland, as far to the 
north as, say, the Tay. We may feel, and with right, that our local 
protection produces a benefit locally, but the fact of the relation- 
ship of such a general nature clearly points to administration 
and legislation being national in character and scope. It has been 
shown that the products of the northern current of the North 
Sea tend to remain distinct from those of the southern current. 
This ought to be kept in mind, for while it may be necessary to 
consider detrimental changes in the one it might be found that 
no action was necessary with respect to the other. 

Apart from the light which has been shed upon such general 
questions, the experiments have yielded material used for extend- 
ing our knowledge of growth and other problems of technical 
importance, and with the aid of experimental work in the 
jaboratory for enquiries into problems of pure science dealing 
with the more fundamental facts relating to the life of the sea. 


HERRING INVESTIGATIONS. 
I.—HERRING SHOALS. 
By B. STORROW. 


The object of the investigations during the past year was 
to obtain further records of the shoals of herrings extending from 
Stornoway and the Shetlands in the north to Yarmouth in the south. 
The age composition of the early summer shoals was shown in 
the Report of last year to depend largely upon the presence of fish 
with three winter rings on their scales. Whilst fish of this age 
were comparatively few in number in the samples from the Shet- 
lands, it appeared, from the account given of the fishery in the 
waters about the Shetlands and Orkneys,* that in some years 
young fish were present in large numbers in shoals to the south 
of those sampled in 1919. It was thought that a regular and 
frequent examination of the catches landed at North Shields 
would indicate the comparative abundance of. fish with three 
winter rings, and from the experience gained in previous years, 
the examination of the catches as displayed at the sale ring was 
relied upon to furnish the necessary information. The samples 
examined were taken, therefore, late in the season of 1920 with 
the intention of obtaining a record of the autumn spawning shoals. 
Spring spawning shoals were sampled in 1921, and the investiga- 
tions were carried into Irish waters in order to ascertain to what 
extent, if any, the shoals of the north-west of Ireland differed 
from those of Scottish waters. 

It is due to the kindness of friends in various fishing ports 
that the sampling of the shoals has been possible. The Fishery 
Board for Scotland has given help and information whenever 
requested to do so, and the opportunity is here taken of stating 
that many of the persons who supplied the information about the 
fishing grounds given in the Report of last year, were officers of 
the Fishery Board. To the Department of Agriculture and 
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Technical Instruction for Ireland, Fisheries Branch, I am indebted 
for the samples of Irish herrings and much information relating 
to the herring fishery of Ireland. As in previous years, Mrs. 
Cowan has given considerable help in the investigations. 

The season during 1920 was peculiar. Catches were very 
irregular, and at most of the ports there was little opportunity 
for sending the samples of autumn spawners. This was the case 
in the Shetlands and at Stornoway where transport difficulties 
had to be considered in order that the samples should arrive in 
a condition which would allow of examination. 


A list of the samples examined is here given. For each fish’ 


the length, sex, state of gonads and age have been recorded, and 
from the scale records the yearly growth has been calculated. 
The whole of these data is not given in the tables, as much of it 
is of the same nature as the data tabulated in the Report of last 
year. In the case of samples from fishing grounds not previously 
examined, or of samples taken at different seasons of the year, 
as the Yarmouth spring sample of 1921, the growth data are given 
in Table III. 


Port. Date of Origin. Catch. Number 
Capture. | Examined. 
Stornoway ...| 16th Feb., 1921 ...| Off Cellar Head eee ...| 12 crans 191 
2nd March, 1921...) Broad Bay 500) ve ...| 10 crans 195 
Lerwick ... ...| 30th June, 1920 ...) 12 miles EB. of Brea Roe (2) 180 
25th Aug., 1920 ...} 18 to 20 miles 8.E. of Bard 
of Bressay . ‘ ee (?) 196 
12th Feb., 1921 ...| 5 to 8 miles off Sane Head 
(east of Bressay) ... sec] CONCLANS wesc 183 
20th May, 1921 ...| 15 miles E. by S. of Bressay ...| 6 crans ... 169 
Wick sie ...| 24th Aug., 1920 ...| 18 miles E.N.E. of Wick _ 60 crans 189 
Peterhead ...| 25th Aug., 1920 ...| 16 miles N.E. of Peterhead ... (C2) ewer 200 
26th Feb., 1921 ...! 9 miles off Cape Wrath ee (?) 154 
Firth of Forth ...| 10th Feb., 1921 ...) Between Rosyth and Charles- 
town as (?) 229 
Great Yarmouth | 17th Nov., 1920 ...! 24 miles E. by N. of warnonth 56 crans 225 
9th March, 1921 ...! 42 miles E. of Yarmouth _...| 23 ecrans aigal 
TRISH SAMPLES— 
Buncrana ...| Ist Feb., 1921 ...! 4 miles off mouth of Lough 
Swilly se 20} crans 153 
17th Feb., 1921 ...) 10 miles off mouth of ioene 
Swilly jee (?) 137 
Killybegs ...| 12th April, 1921 ...) 5 miles 8.E. of Camizan Hieaal 23 crans 171 
Total examined es 2,743 
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'~Acn and Maturity.—From the beginning to the end of the 
season the catches landed at North Shields were subject to frequent 
examination. The general practice was to examine a number 
for age from the samples exposed in the sale ring, and afterwards 
to inspect the landings made by a number of the vessels to ascer- 
tain if the general quality of the catch was represented correctly 
by the sale ring samples. As in previous years the fishery com- 
menced with mixed catches, in which recovering spents were 
high in number. These mixed catches were taken some distance 
from the port, and towards the end of April were most plentiful 
about 60 to 70 miles off the Tyne ; beyond this distance and up 
to 100 miles the herrings were fewer in number. On the 8th 
of May a large number of recovering spents were in the vicinity 
of the Coquet, but it was not until the young summer fish arrived, 
after the middle of May, that any catch worthy of notice was 
made on the grounds of the summer shoals. 

The catches from the summer shoals were composed chiefly 
of fish with two, three and four winter rings, but the fishery was 
very irregular. Occasionally a vessel would land a good catch, 
but other vessels which had been fishing in practically the 
same waters returned to port with a few crans only. Further, 
there was never throughout the season any time when the vessels 
landed good catches from the same grounds two nights in succes- 
sion. This was most noticeable after the stoppage of the fishery 
from 11th to 21st of June, when it was expected the catches would 
be heavier. 

In the beginning of July, there was a high number of fish 
with two winter rings in the samples, and fishermen informed 
me that fish of this size and quality were more plentiful to the 
south of the Tyne. Fish of this age were commoner than usual 
until the end of July, when herrings with three winter rings 
became more abundant, but even then the catches made were 
below those of the previous season. Six crans would be the 
average quantity landed per vessel, and this is about a third 
only of what one would expect in an average season. 

The grounds were invaded by shoals of larger herring in the 
first weck in August, and large numbers of fish with four winter 
rings were included in the catches. These fish had gonads. at 
stages IIJ., IV. and V. They remained on the grounds until 
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10th August, and on the following morning the catches landed 
consisted of smaller fish in which there was a high number of fish 
with two winter rings. In the middle of August catches were 
generally light, and consisted of 2,3 or 4crans. One or two landings 
contained herrings of a quality to be expected at this time of the 
year, but others contained large numbers of fish with two winter 
rings. The fishery remained in this condition until 4th September, 
when observations were concluded. 

North Shields was not the only port where irregular and 
small catches marked the fishery. Mr. Brown has informed me 
that the season at Lerwick was peculiar, and that he never had 
a chance of sending me a sample of young herrings. Mr. Duncan 
Maclver, writing in July, stated that at Stornoway they had no 
real summer, fat matties, and that most of the herrings were 
coarse and more like winter herrings. Information received 
from fishermen, who had fished out of Wick and Peterhead, and 
from trade papers, points to the East Coast fishery of Scotland 
being characterised by irregular and small catches. Occasional 
large catches were landed, but the fishery gave no evidence of 
there being extensive shoals off the coast. 

Fishermen have reported the extremely large number of 
jellyfish which fouled their nets during the herring season, and 
as late as 13th November large quantities were noticed by a North 
Shields trawler 130 miles N.E. of the Tyne. Statements that 
the sea was “ dirty’ were common from men who had fished 
from the different ports of the east coast. The Fishery Board 
for Scotland has furnished me with particulars as to the unusual 
catches of trawled herrings landed at Aberdeen from the Fladden 
Grounds from the end of August to the beginning of October. 
These grounds though regularly fished by trawlers have not pre- 
viously yielded herrings in quantity. To begin with, the fish 
were full of milt and roe, but later were mixed with spent fish, 
and it would appear that the area was used as a spawning ground, 

Whilst hydrographical conditions may have been unusual 
there is no evidence to hand to state that this was so, and that 
it would account for the comparative failure of the summer fishery. 
The whole of the evidence available points to the fishery being 
a failure because of the comparatively small number of fish with 
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three winter rings. Fish of this age were shown by the investiga- 
tions of 1919 to form the greater part of the matties caught, and 
from Wick to Scarborough they constituted from fifty to nearly 
seventy per cent. of the samples examined. Further, the con- 
tinuous investigations which have been made on the Northum- 
berland shoals point to the importance of herrings with three 
winter rings in the summer fishery. A shortage of fish of this 
age would account for the small landings made, the small 
extent of the shoals as evidenced by the varied landing made by 
vessels fishing in practically the same waters, and the comparatively 
high number of fish with two winter rings found in the North 
Shields catches. 

It is not thought that any hydrographical condition during 
1920 would account for the shortage of fish with three winter 
rings as fish a year younger were present in comparatively high 
numbers. It is more probable that the conditions which obtained 
when the young fish were hatched, and shortly afterwards, were 
the cause of the scarcity. If this be so, our summer fishery for 
1920 was determined by the conditions obtaining in the autumn 
of 1916 and the spring of 1917. 

The age composition and the state of maturity of the samples 
examined will be found in Tables I. and II. 

No sample of autumn spawners in a spawning condition 
was received from any of the ports. The samples which were 
obtained consisted of mixed herrings, a large number of which 
were spents. 

The Lerwick samples of 30th June and 25th August were 
old fish. The majority of them had six or more winter rings, 
and they were mostly spents or recovering spents. The sample 
of 30th June is especially interesting in that it points to a very 
early spawning of some shoals in Shetland waters in 1920. As 
no evidence is to hand to show that so early a spawning season 
is a common occurrence in Shetland waters, it is impossible to 
say whether spawning in northern waters as early as June would 
have any effect on the catches of autumn spawners made further 
south along the east coast in August and the beginning of September. 
This sample contained few fish with less than six winter rings. 
The August sample contained more of the younger herrings, and 
the percentage with five winter rings gives indication of the short- 
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age of this year class which was found in the Yarmouth samples 
of 1919 and the samples from spring spawning shoals in 1920. 

The sample from Wick, 24th August, consisted chiefly of 
spent fish, and only 15 out of a total of 189 were at or below stage 
IV. It would appear from this that the sample can be taken as 
representing the herrings spawning off Wick. The numbers 
under different ages point to the sample containing herrings which 
had developed in the summer feeding shoals and also older fish 
which had invaded the grounds for the purpose of spawning. It 
is worthy of notice that this sample, like the August sample from 
Lerwick, had a small percentage of fish with five winter rings. 

The number of fish which had not developed to stage IV. 
or beyond in the sample from Peterhead, 25th August, makes it 
impossible to regard this sample as representing the autumn 
spawning shoals. In addition, 10 per cent. of the sample was 
composed of recovering spents, and since there is a scattering 
of the shoals after spawning these herrings may have spawned 
on grounds some considerable distance from where they were 
caught. Of fish with two winter rings there was 28 per cent., 
and this is a much higher percentage than was found in any of 
the samples from Peterhead in 1919. Attention was drawn in 
the Report of last year to the variation in age at which herrings 
reach maturity, and in this connexion the following data from the 
Peterhead sample are worthy of notice :— 


Winter Rings 2 3 4 5 6 
Below Stage V._... ae, DS 17 i 3 1 
Stage V. or above moo alts) 51 13 13 5 


Mr. Beazor was unable to obtain any sample of spawning 
fish from the Yarmouth shoals during the East Anglian herring 
harvest. Occasionally catches of spawning fish are landed during 
this fishery, but the bulk of the herrings caught are full or filling 
fish which, doubtless, become spring spawners. The sample of 
17th November represents the Yarmouth fishery of that date, 
and is of value as indicating that the shortage of fish with four 
winter rings found in the sample of 1919 was a real shortage and 
not due to accidental sampling. For purposes of comparison 
the age composition of the samples of 1919, 1920 and 1921 is here 
given :— 
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WINTER RINGS (PERCENTAGES), 


2 3 4 5 6 7 8 9 10 
1919 6th November .. 2 13 17 PAL 24 13 5 4 il 
1919 20th November 4 30 10 21 17 il 3 2; 1 
1920 17th November 3 4 35 14 21 14 8 _— 0-4 
1921 9th March — 1 3 27 15 17 24 11 2 


The same year class shows a shortage for three consecutive 
years. 

The sample of 9th March, 1921, is the first sample we have 
examined from the Yarmouth spring fishery. It contained three 
fish only which were not spents or recovering spents, and its age 
composition is very like that of the sample of 17th November, 
1920, except for the high percentage of fish with eight winter rings. 
An indication of this high number of fish with eight winter rings 
is given, however, in the sample of 6th November, 1919, in which 
fish with six winter rings were more plentiful than those with five 
winter rings. 

The samples of 1920 and 1921 both contained a very low 
percentage of fish which in 1920 had three winter rings. Whilst 
this may be due to some extent to the small number of herrings 
examined, it supports the opinion already expressed with regard 
to the shortage of fish with three winter rings in the fisheries of 
the Northumberland coast and the east coast of Scotland. 

The samples of winter herrings caught in 1921 can be divided 
into two classes, those containing a high percentage of young 
fish, and those in which older fish formed a more important portion 
of the samples. 

The samples containing large numbers of young fish came from 
Stornoway and the Firth of Forth. They are of little use for the 
_purposes of the age composition of the older fish, though the 
sample caught off Cellar Head and that from the Firth of Forth 
point to a shortage of fish with six winter rings. Their chief value 
lies in the high percentage of fish with three winter rings, and they 
indicate, as did the samples of last year from the same localities, 
that both Broad Bay and the Firth of Forth are the home of a large 
number of young herrings during the winter months. 

From the age composition of the samples and the growth 
data it was stated that in 1920 more than one shoal of herrings 
frequented the waters of the Firth of Forth during the early months 
of the year, and it was hoped this year to obtain further evidence 


84 


with regard to these shoals. But Mr. Walker was unable to find 
any difference in the catches landed, and towards the end of 
February informed me that all landings had been similar to the 
sample he had sent me. It would appear from this and from 
information supplied by fishermen that either no shoals of large 
and older herrings entered the Firth during the winter fishery, 
or the numbers of young herrings were so great, comparatively, 
as to hide the presence of the older fish. The probability of the 
latter being the case will be seen from the age composition of the 
sample examined. 

The high percentage of fish with three winter rings is remark- 
able, but the data as given in Table I. do not fully represent the 
abundance of fish of this age. When the sample arrived it was 
evident it contained two classes of fish, and was dealt with accord- 
ingly. The largest of the herrings, 79 in number, were picked 
out and examined, and then rather more than half the remainder 
was dealt with, 150 out of 260. If the 110 herrings which were 
not examined be considered as having the same age composition 
as those of the smaller herrings which were examined, we have the 
the following result :— 

WINTER RINGS. 


3 4 5 6 7 8 9 10 11 Total. 


Large examined cas 5 10 6 U7 6 6 1 1 79 

Small examined ec, eal 27 2 —_ —_— —_— —_ — — 150 

Small not examined ... 89 20 1 —_ — —_ _ _ — 110 
Total See ne ate 52 3183 6 17 6 6 1 i SRO) 
Percentages ove AO) 15 4 2 5 2 2 + + 


All the information which has been obtained points to there 
being a large number of herrings with three winter rings in the 
waters of the Firth of Forth during January and February of 
this year. The shoals extended from above the Forth Bridge 
to off Eyemouth, 36} crans being landed by a vessel at North 
Shields on 29th January from 6 miles N.E. of St. Abbs. The 
herrings of this catch were similar to those of the sample of 10th 
February. 

The condition of the gonads of the herrings in the sample 
from the Firth of Forth is not without interest. Of the 148 fish 
with three winter rings seven only were not developed as far as 
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stage III., 60 were at stage III., 59 at stage IV., and 22 at stages 
V. and VI. It is evident that a large number of these would 
become spring spawners, and it is difficult to imagine that even 
those at stage III. in the beginning of February would postpone 
their spawning until the following autumn. 

Summer shoals have been shown to consist largely of maturing 
herrings with three winter rings, and it is possible that the spawning 
of large numbers of herrings with three winter rings in spring 
may have an effect on the summer shoals of the same year. It 
is desirable that our knowledge of the factors which influence 
maturity be extended with the object of ascertaining the causes 
of spring and autumn spawning, and also the causes of variation 
in age when maturity is reached. 

The samples of winter herrings from Lerwick were taken from 
the east of the islands, and not as in 1920 from the grounds between 
Flugga and the Ramna Stacks. These grounds were little fished 
during the past winter fishery, and on the few occasions when 
catches were there made the sailing of the steamer to the main- 
land made it impossible for Mr. Brown to forward samples. 

The sample of 12th February consisted of spawning fish 
from grounds to the east of Bressay, and that. of 20th May of 
recovering spents from much the same locality. The latter sample 
had suffered somewhat in transit, and it was difficult to tell with 
exactitude the true condition of the gonads. It is certain the fish 
were recovering spents, but it is doubtful if they were sufficiently 
recovered to allow of them being placed at stage II. as in Table 
II. Both these samples show a shortage of fish with six winter 
rings, and over 30 per cent with seven and eight winter rings. 
The February sample had 31 per cent. of fish with five winter rings, 
and points to the fish which had three winter rings in 1919 being 
fairly plentiful in some of the Shetland shoals. 

One sample only was received from the shoals off the north 
coast of Sutherlandshire, 26th February, 1921, and this was con- 
sidered by Mr. John Sutherland to be a fair sample of the herrings 
landed at Peterhead from these grounds during the winter fishery. 
The condition of the gonads points to the fish being spring spawners. 
Fish with seven and eight winter rings comprised over 40 per cent. 
of the catch. The same shortage of fish with six winter rings as 
has been observed in other samples was present, but there was also 


86 


a very small number of fish with five winter rings. In this respect 
the sample differs from any of the North Sea samples, and is more 
in keeping with those from the north-west of Ireland. Fairly 
young fish with three and four winter rings were present in numbers, 
but they were not so plentiful as older fish with seven and eight 
winter rings. 

The samples from the north-west of Ireland were from the 
spring spawning shoals, which give the fishery from Buncrana, 
and from the shoals of Donegal Bay. The first sample contained 
a large number of full fish nearly ready for spawning, and the two 
later samples consisted of spents. Herrings with seven and eight 
winter rings formed an important part of the samples, and there 
was a fairly high percentage of fish with four winter rings. But 
the chief point of interest is the small percentages of fish with both 
five and six winter rings. This points to a difference from North 
Sea shoals and a resemblance to the shoals off the north coast of 
Sutherlandshire. The sample of 17th February differed from the 
other two in that it contained a higher percentage of fish with six 
winter rings and not so many older fish. 


GrowtH.—For all the samples the length of the fish has been 
expressed in terms of the position of the winter rings of the scale. 
The data thus obtained have been tabulated to the nearest centi- 
metre, ¢.7., 8-6 to 9-5 cm. being counted as 9 cm, 

As many of the samples came from the same fishing grounds 
and were taken at the same season as those reported upon in the 
Report of last year, their growth data are not included in the 
present paper. 

Two of the Lerwick samples differ from any previously 
examined. That of 30th June, 1920, came from a shoal which, 
from the maturity data, had spawned in June. Herrings spawning 
so early in the season are worthy of recoid, and the growth data 
of this sample will be found in Table III. The sample from east 
of Bressay, 12th February, 1921, was from a spawning shoal. 
The samples examined last year came from the grounds between 
Flugga and the Ramna Stacks, and an examination of the growth 
data given in Table I11. and that given in the Report of last year 
will show that these shoals differ somewhat as regards growth. 
Fish with six winter rings were plentiful in the samples of 1920, 
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and those with seven winter rings comprised 17 per cent. of the 
1921 sample. The fifth year growth of these fish is given below :— 


NUMBERS AT CENTIMETRES 
Winter 


Sample. 2 26 27 28 29 30 31 32 Total. 
Rings. 
21/2/20 aus eas 6 _ _ 3 22 21 17 4 67 
12/2/21 ane 6nio a 1 4 11 14 2 — _— 32 


Such a difference in growth is considered to point to the 
spring spawning herrings of the north-west of the Shetlands being 
different from the shoals which frequent the waters of the east 
coast of the islands. 

The samples from Great Yarmouth, 9th March, 1921, is the 
first we have examined from the shoals of spents which appear 
off Yarmouth in the spring. Of the 171 herrings comprising the 
sample, 168 were spents or recovering spents. In the November 
sample, 1920, most of the fish were at stages III. and IV., 195 
out of 225. The percentage of herrings with four winter rings, 
the last winter ring being inside the edge of the scale, was 35 in 
the November sample, and in the March sample 27 per cent. had 
five winter rings, the last winter ring coinciding with the edge 
of the scale. The growth of these fish is so similar that it is given 
below, and it is considered it points to a return of herrings to 
Yarmouth waters after spawning has taken plaec. 


FIRST YEAR GROWTH. 


NUMBER AT CENTIMETRES 


Pounce, 62 7 6 89 0 10) 4-12) Be oad 15, ierotalt 
Rings 

17/11/20 4 1 6) A758 8 ge 16 5 1 2 1 79 

S321... 6 ae i Ween 15 9 6 2 1 1 46 
SECOND YEAR GROWTH 
NUMBER AT CENTIMETRES 

Sample ek 5G BS 20) Dota 
Rings. - 

17/11/20 4 2 ree Tae, Metcee 1G),4 5 Lhe 1 79 
9/3/21... 5 2 iy 9 1 1 9 1 46 
THIRD YEAR GROWTH. 

NUMBER AT CENTIMETRES. 

E Winter 

© » . »o we » or ' « 
Sample, mines 19 20 21 22 23 24 25 ‘Total 
17/11/20 4 c= 6 “qa 196 25 Bee yep 


9/3/21. 5 if _— 10 17 10 7 1 46 
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FOURTH YEAR GROWTH, 


NUMBER AT CENTIMETRES. 
Winter ee 


Sample. é 23 24 25 26 27 ~=‘Total. 
Rings. 

17/11/20 4 1 8 27 32 10 1 79 

SV BYPAl cog 9 3) 1 4 17 19 5 — 46 


The sample from the Firth of Forth, which was composed 
chiefly of herrings with three winter vings, is of interest in that 
the growth of fish with four winter rings differs from that of fish 
a year younger. Generally speaking, the growth of the herrings 
with four winter rings was lower every year than that of fish with 
three winter rings, but the difference is most marked in the third 
and fourth year growths. The data given below are taken as 
supporting the hypothesis that herrings previous to reaching 
maturity shoal according to size. 


NUMBERS AT CENTIMETRES 


Winter Year e 
: 6 7 2, 3 1 Total. 
Rings. Growth. o mo ae 7 a e oer 
3 1 1 1 1 14 20 42 38 22; 7 2 148 
4 1 3 5 2 4 4 38 4 2 — —_ 32 
NUMBERS AT CENTIMETRES. 
Winter pee coe 3 14 1 16 17° 18 19 20. 209) Sepia 
Rings. Growth. 
3 2, — = —_ — 6 20 29 52 34 i 148 
4 2 2 3 _ 3 — 9 11 3 1 — 32 
NUMBERS AT CENTIMETRES. 

Winter Year / = be ee S eS Be ae 3 eerie 
Ringe. Growth 22 20 22 22 28 24 25 26 27 98 Total. 
3 3 = = = 12 30 54 36 14 2 —_— 148 
4 3 1 3 6 9 8 4 —_ il — — By4 
4 4 = = — 2 3 lal 12 3 — if 2 


The samples from the north-west of Ireland have a growth 
(Table III.) very like that found in the samples of last year from 
north-west of the Shetlands and the north coast of Scotland. 
The sample of 17th February differs from the other two samples 
in that growth has been a little more rapid. This may be due 
to the shoals living under slightly different conditions before 
migrating to the spawning grounds off the Donegal coast. 
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The growth and age composition of the three samples, together 
with similar data * from the shoals of the north of Scotland and 
west of the Shetlands, point to oceanic shoals of herrings extending 
from the Atlantic coast of Ireland north to the Shetlands, and 
living under almost similar conditions. The southern limit of 
these herrings would be of interest, and it is possible the shoals 
to the west of the Hebrides, those observed about the Flannan 
Islands, and the summer shoals to the west of the Shetlands are 
of a similar nature. Statistics are not available to allow of a 
comparison being made with regard to the fluctuations in the 
catches from these shoals. 


“Spawny Happocks.”’—Haddocks gorged with herring 
spawn were landed by North Shields trawlers as follows :— 


1920, Cwts. Where Caught. 
11th September — 151 38 miles N.E. of Tyne. 
89 46 miles N.E. by E. of Tyne. 
13th September Se 92 20 miles $.E. of Longstone. 
14th September ses 168 40 miles E. of Tyne. 


The last locality given above is rather unusual, as generally 
“spawny haddocks ”’ are most frequent in the vicinity of the 
Longstone and Berwick Bank. 

Herring eggs obtained from haddocks landed on 11th September 
contained well advanced embryos ; the eyes showed boldly, and 
the body encircled the yolk. 

Some were brought to the Laboratory with the object of 
hatching them out. But no movement was noticeable inside the 
eggs, and evidently the eggs were dead when the haddocks were 
landed. 


* Report, New Series, ]X., Table III. 
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TABLE I.—AGE. 


WINTER RINGS (Percentages). 


Poit and Date. 2 3 4 5 6 7 
1920. 

Lerwick— 

30th June ...| — 3 9 9 19 30 

25th August ...|) 4 2 18 ily, 19 18 
Wick— 

24th August ...| 7 2) 41 9 10 6 
Peterhead 

25th August ...| 28 34 10 8 3 5 
Great Yarmouth— 

17th November! 3 4 35 14 21 14 

1921. 

Stornoway— 

16th February | — 30 35 17 4 Mi 

2nd March ....| — 50 23 9 9 3 
Lerwick— 

12th February | — 10 19 31 7 17 

20th May — ill 12 ui, 12 2D) 
Peterhead— 

26th February | — | 17°5 | 17:5 8 12 22 
Firth of Forth— 

10th February | — | 65 14 5 3 i 
Great Yarmouth— 

9th March .....| — 1 3 27 15 17 

TRISH SAMPLES. 

Buncrana— 

1st February ...| — 8 29 17 8 20 

17th February | — |. 7 28 18 19 20 


Killybegs— 
12th April =...) — 


co 
=) 
lor} 
oa 


28 


9 


TABLE I1.—MATURITY. 


Port and Date. iT 1, Ill. IV. V. VES Vale |) Vale ite 
1920. 

Lerwick— 

30th June — 28 12 iL — 22, 72 45 

25th August ... 2 1 if —_— 3 6 152 31 

_ Wick— 

24th August ... w — 10 3 1 14 152 7 
Peterhead— 

25th August ... 12 13 33 11 3 12 96 20 
Great Yarmouth— 

17th November — 24 140 55 — il 4 1 

1921. 

Stornoway— 

16th February 3 1 a 9 54 98 6 13 

2nd March 2 — 6 5 40 82 49 iat 
Lerwick— 

12th February — = = 2 10 168 3 — 

20th May if 164 1 — — — 3 — 
Peterhead— 

26th February 2 — 3 18 46 73 10 2 
Firth of Forth— | 

10th February 4 6 79 98 21 21 _ _ 
Great Yarmcuth— 

9th March 2. 1 — — — —_ 126 42 

IRISH SAMPLES. 
Buncrana— 

Ist February ... ee) 1 6 12 92 14 12 16 

17th February -- —_— _— 3 6 5 114 9 
Killybegs— 

t2th April =... 1 1 —_ — —_— —_ 159 10 


Total. 


TABLE I11.—GROWTH, 
LERWICK SAMPLES.—FIRST YEAR GROWTH. 


CENTIMETRES. 
kf ee eee eee 
Date. he. 7 8 Al 9 4) Oy 4) area iets 
12/2/21 ... 3 _ —_ — = 2 2 Bo 5 
30/6/20 ... 3 _ _— — 1 = = 1 2 
L222, en. 4 — il _ 2 6 2 10 7 
30/6/20 ... 4 —_— _ 3 1 3 5 2 3 
12/2/21 ~..: 5 3 1 4 9 11 8 15 3 
30/6/20 5 — | 2 _ 3 4 1 4 3 
12/2/21 6 _ —_ 2 at ts <P 1 4 2 
30/6/20 ... 6 —_ 2 7 4 3 5 4 5 
12/2/21... ia — a 3 = ¢) 6 2 8 
30/6/20 ... 7 _— i 5 5 11 iol 10 6 
12/2/21 ...)8and+] — 2 3 1 5 4 2 9 
30/6/20...) 8 _— 3 4 6 5 5 4 3 
YARMOUTH SAMPLES.—FIRST YEAR GROWTH. 
9/g/21_ ...| 4 — — -- 1 1 | 2 1 a 
5 = 1 11 15 9 6 2 il 
6 _ 1 5 6 i 3 3 1 
7 — 2 3 8 | 5 7 2 2 
8 3 2 8 12 vi 5 2 1 
9 and o 1 3 8 5 4 iT — = 
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TABLE III. (continued), 
LERWICK SAMPLES.—SECOND YEAR GROWTH. 


CENTIMETRES. 
15 | 168 17 | 18'/\).19), |) 20") 20 | 22> | 28.9) 94 She Bb) lnatat 
=|/=—]—]=— 1} — 3 9 2 2 saa ea 
—|/—}—-|]— 1 | — 45-7) = Vele—) |e 
—| — 1 2 2 5 8 6 5 5 | — | 34 
1) — 1 1 6 3 1 3) — 1, eee 
2) 4 S12 ie eh) a) 3 4 1 1 By 
— 3 2 2 1 2 3 3} —|— 1 olet 
1) — 3 | — 2 1 4 2}/—]|—|—| 23 
4| 4 3 3 4 9 2 5 | — 1 | — | 35 
tel 2 2 3 7 5 8 3 1 | — | — |, 32 
— 3 7 6 | 14 | 10 6 3 2|—|— | 54 
Bal 2 4 7 4 3 3 1 | — | — | 29 
Bales 6 3 4 4 3 2 1 | — | — | 33 
YARMOUTH SAMPLE—SECOND YEAR GROWTH. 
=| 1 2 Bo coer ee ee ie 
i eas Oo. 1 ein re ee oI eae ease) ee Alle 
Ei} 4 8 6 4 2 Vy Ssh SS eas eee 
—| 7 10 4 4 2 2/—}—-/—|]-—| 2 
TPN) 4 8 6 1 oe 1 aN erie a 
PCa RSE exci) 4 = | eo | cee lee ee 
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TABLE III. (continued). 
LERWICK SAMPLES.—THIRD YEAR GROWTH, 


CENTIMETRES. 
Date, | Winter | 3 | 19 | 20 | 21 | 22 | 93 |’o4 | 25 | 26 | 27 
Rings. |} fi 
12/2/21 3 a es ee 5 6 3 
30/6/20 3 a | res ee ee ih 3 il 1 
12/2/21 4 ee aS 1 1 3 Seiits 6 
30/6/20 | 4 =) 3) == Se 3 3 2 2 3 3 
12/2/21 5 a | ee | 4 6) 204) as 9 3 
30/6/20 5 — | = 1 | — 3 2 4 3 3 1 
12/2/21 6 SP ee) ee Te) es 2 4 2 2 2 
39/6/20 6 a 4 4 1 5 8 5 6 2 
12/2/21 7 — | — i 1 2 7 7 9 5 
30/6/20 i — 2 2 1 ||) S200 5 4] — 
12/2/21 |Sand +| — 2 6 sl 2 5 3 1 
30/6/21 8 1 il 4 5 6 5 6 4 1|— 
YARMOUTH SAMPLE.—THIRD YEAR GROWTH. 

9/3/21 ... 4 — — — = 2 3 — — = _ 

5 — 17) 9) AO a7 eo 7 1 | ee 

6 —-|— 2 ao |) oti 7 2,— /— |] = 


9and10,) — 1 Bo |) a8 4 


on 
bo 
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TABLE III. (continued). 


LERWICK SAMPLES.—FOURTH YEAR GROWTH. 


CENTIMETRES, 
PAL 22 23 | 24 25 26 27 28 29 30 | 31 | Total. 
| 
= ea hep 1 2 | 9 14 Boye | — | 34 
=* || a ee 2 1 | ee ral | Lest 
= — a= — 1 14 18 12 9 1 2 57 
— — — 1 3 3 4 5 1 = = 17 
— —_ _— = — 3 3 5 2 = = 13 
= 1 2 4 9 3 i 6 3 — — 35 
= = — 1 4 9 12 4 2 — = 32 
ane 2} st 8 13 11 7 1 — -- 54 
= = 2 | 2 5 iS) 7 4 1 — — 29 
= 2 5 | 4 10 5 3 | 2 1 — = 33 


= — = 4 1 _ — — — — _ 5 
— 1 Ae Az | 19 See a re 
—|— Sea lOn Weer SPU oN ee Ne aN ae 
— 2 Soult ad 7 Se || erage ee a ea Ng 

2 5 Seuieds 7 | — a ee 
_ 2 5 8 6 Zi ie [rae ee [te 
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TABLE III. (continued). 


LERWICK SAMPLES.—FIFTH YHAR GROWTH. 


CENTIMETRES. 

Date. eee og | 94 | 25 | ee | 27 |-28 | 29 | 80 | Si Voz nema 
12/2/21 5 Eye ees esa * | 49° | ro™\gao 3 1 rie fe 
30/6/20 5 Ba AA Meee 1 4 3 271) Me 9° | (220 aaa 
12/2/21 6 CE oy cae eee ee es 3 a | gp )\ eee 

| 
30/6/20 6 i | eae 7 8 5 7 af |) eee 
12/2/21 7 =) | = 1 Ay | atte ales @) | ee ee 
30/6/20 7 = Meese |) tse well 8 7 5 1. | ee 
12/2/21 -|8ana +} — | — | — 4 7 8 8 3 |) Sees 
30/6/20 gt es 3 aed 5 4 2 9° | se \ ne 
* 1 under 22 cm. 
YARMOUTH SAMPLE.—FIFTH YEAR GROWTH. 
4 

9/3/21 ...| 5 = i | ae | a6) at | 2 
6 = 2 8 | 12 3 to) ee) ee 

7 = 3 Gun linets es 

| 8 3 @) | at ado 1 |) >) | = 
loanaio) 2 2 8 9 o |) 2) =o = Se 
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TABLE III. (continued). 


IRISH SAMPLES.—FIRST YEAR GROWTH. 


CENTIMETRES. 
6 7 8 9 | 10 || 11 | 12 | 13 | 14 | 15 | 16 | 17 | 18] Total. 
= = == = jf Soa) 2) aes elal}l—| wm 
= || — = as fos iles| Sioa Bes oO) ai al ne 
= _ = = 1] 2) a] 8) oral lH— |] — 8 
2 1 5 2 Gl Bi Oe | We) ae ee || 
_ ss _ 2 A Aaya) ei) vw) B)—|—| BH 
es = = 3 31 Gl Sal well i | i |} |) BR 
| | 
_— 1 2 ej) CoN He | eas | | SS 
= = 1 1 Di Bil Bh Bil Gi Bia — | as) we 
= =e = = ii a] 2 @)) 2 2 —|—) 10 
= | = To ees) I ee Ole fh a 
a= | oe = 1 2| 6| 7} 8| 2|}—/—|—|—|} 26 
—_ — 1 = |) abe Pooh sta} |) aL Sie 
a= | = = 2 Sl Bl ee Gy Oe} aL =|) \| Sil 
ss || os <= 1 Dil Zell Gey Bel) el Zo Nh pe | |e 
| 1 3 1 |) TO) Of i) Bi sy) ail ee ly Be 
/— il 2 VS) <4 4) Se 2a oa 8 
= 1 1 i |) Qi) mw] Sh Wee a] a aw 
Sl 1 Se eon Seip elidel pelt ae teal | ae 
—-|— 1 Te West Cay SU Oy ae ee ee, a |) 
— 2 2 2 Bl Ol stil By Aes ies | SS 
| 


TABLE III. (continued) 
IRISH SAMPLES.—SECOND YEAR GROWTH. 


CENTIMETRES. 
| Winter eae | a 
Date. | Rings. | 14 | 15 | 16 | 17 | 18 | 19] 20 | 21| 22) 23) 24| 25 26 | 27 | Tota 
ee. 

D/BieU cd!) 88 a fe | ERI ee) Peril 2 i ee 

L722 |) 33 =f —}— lS] —- l= — | D8) el) ee ae 
12j4j21 || 8 = | =i) =) Sf) a a) 2) a poe a ae 

1/2/2U es nA Sf | 3 | 1| 4] 6|12] 138) 4) ae 
W7jziet |e A = | = |e te | — | o8) 2) 6 a! con Vaal ee eee 
12/4/21 4 ae ee a nels tne ty RS eel | 
L221 — | = 2 P= 2 | 2] 2) 4) 7] 5) 2 | eee 
17/2/21 |. 5 Sill g, Mal | SC, Mia i | 3] 3/—] 3} 6] 4} 2;—|— 
12/4/21 5 Sn ee ee SECO Lh | 
22ers) 36 ae ee ie 1) } ala) 280), Son) aa ee 
ey APAUY | = YG) — — — — 1 2) Bo) 2) 6) 8a 2 ea 
12/4/21 6 —|-— 1} — | — |—|] 2} 2] 5)—|] ti Hi =} = 
1/2/21 ...| 7 Seep eMac phe a 6 | | 
17/2/21 7 —}/— ye fe 1d) 4) 83] 26] <b) 928) 
aeyay2d (7 _ 1 1 2 Nh 10/15) 7|/—|— —|— 
iV 2/ eis. 8 —|— 1 | — 2 | a2) Bul 6) 2 al) (oe ieee 
17/2/21 ;8and+|.— | — 1. 5 /—]| 2/—] 1] 1}/—-;— | —]/=— 
12/4/21 | 8 2 2) — 1 2) 7! 9] 6/10| 3|—|—j;=/— 
1/2/21... 9and +} — = 1 2 = Py ab) ae I es es ye 
12/4/21 | 9and+| 1 | — 1 1 1 | 8} 3] 1/ 3;—} 1/— —]— 

| { | 
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TABLE III. (continued). 
IRISH SAMPLES.—THIRD YEAR GROWTH. 


CENTIMETRES, 
| Winter 
BREA Nl etc oa 21 22 23 24 25 26 27 28 29 
12/21... 3 Sh ic ee EE |) 3 4 2 3 
17/2/21 3 ee ee al ea eee | 3 5 
12/4/21 3 a5) ieee) Ss = 2 1 cap leek ae 
Vb eee eae —-}-—- = 2 6 12 15 8 1 
TPA |) ws — — |} — — 2 Tl | oe 1 
12/4/21 4 a ri ere 12 11 4 1 
1/2/21...) 5 ey ee 1 2 3 6 | 10 2 1 
17//2/21 5 —}/—- 4 1 7 2 5 5 2 
12/4/21 5 —}f--}/—-]—- 3 2 5 =e 
1/2/21 | 6 Se Uireeee lt yea 4 4 eta pea | 
17/2/21 6 = sey Sah 1 2 5 9 5 2 
12/4/21 | 6 = Pils ef _ 2 3 3 = 
| 
Woon...) 7 ee 4 4 7 10 4 Do ve 
17/2/21 7 = fet Veh 1 2 10 9 Hoyas 
12/4/21 7 ad oe 7 ll 13 5 ee 
1/2/21 ...| 8 ie |e 3 4 6 2 1 1 == 
17/2/21 |8and+| — 2 | = apalltnzss Pha ee le 
12/4/21 8 3 PN Naa 9 14 a 1 a 
1/2/21... 9and +] | 2 3 2 1 — 4 | 
12/4/21 |9and+| 2 2 | 5 4 5 1 1 = | = 
) | 


Total. 
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TABLE III. (continued). 
IRISH SAMPLES.—FOURTH YEAR GROWTH. 


CENTIMETRES. 
Winter | 
Date. | Rings 24 25 26 27 28 | 29 30 31 32 33 | Total. 
| ae 
Eile a = = 1 9 16 15 3 = = 44 
17/2/21 4 _ = = == fl 10 21 5 1 1 39 
12/4/21 | 4 = = 1 1 3 22 3 3 = = 33 
1/2/21...! 5 == ae Texte 9 4 1 | — | 22a 
17/2/21 | 5 ey ae = 2 a 7 6 2 = = 24 
12/4/21 5 = = = 2 2 5 1 = = =: 10 
1/2/21...) 6 = == 1 4 4 3 = = = — 12 
17/2/21 | 6 ae = 2 2 3 12 6 1 = — 26 
12/4/21 6 = | = 2 1 1 5 1 ss — = 10 
1/2/21... 7 es Bee Soe erie eat 4 2 t | eed 
17/2/21 @ ee al 2 a 12 6 | — |— | — | 28 
12/4/21 7 = —/| 8 15 19 6 = = = = 48 
W228 1 it 4 7 2 2 1 = — — 18 
17/2/21 |8and+| — = 3 2 3 1 il = = = 10 
12/4/21 8 3 3 8 20 8 = = = = 42 
3/2/21 ...| 9and + i! 2 1 6 — — — —_— — 10 
12/4/21 |9and +] 1 4 6 6 2 1 — — — 20 
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TABLE III (continued). 


IRISH SAMPLES.—FIFTH YEAR GROWTH. 


CENTIMETRES. 
Winter 
Date. Rings, 26 | 27 | 28 | 29 | 

1/2/21...) 5 yh 1 6 
17/2/21 | 5 en eee 1 
12/4/21 | 5 Deed ieee 1 3 
1/2/21... 6 sy) 2 3 
17/2/21 | 6 a5 eee 3 
12/4/21 | 6 Sie 2 2 
1/2/21... 7 Sie y | aca OY 
17/2/21 | 7 sate Woda wid 5 
12/4/21 | 7 ae Dy ol areas 

| 
1/2/21... 8 1 6 | 4 3 
17/2/21 |}8and+) — i) 1 5 
12/4/21 | 8 1 Ge tz eats 
1/2/21... 9and +| 2 a ae 
12/4/21 |Qand+! 3 4 8 3 


iP 


— 


102 


HERRING INVESTIGATIONS. 


IT.—SIZE. 


By DOROTHY COWAN 


An analysis of the size of the herrings examined is given in 
Table I. The size is expressed to the nearest centimetre, 20-6 
to 21-5 being taken as 21 cm. 

It has not been considered necessary to publish a complete 
analysis of size for age for all the samples examined, as this would 
be a duplication of the data given in the Report of last year. There- 
fore six samples only have been dealt with in this way. Data as 
to the origin of these samples will be found in the list given by 
Mr. Storrow. 

The first of these six samples was from Lerwick, 12th February, 
1921. It was from a more south-easterly ground than any previous 
sample of winter herrings from that port, and is interesting when 
compared with a sample taken 21st February, 1920, 10 miles west 
of the Shetlands. As will be seen from the table below there was 
a great difference in size, the sample of this year being much 
smaller. The majority of the fish in the 1920 sample were at 31 
and 32 em., whilst the latter sample ranged principally from 28 
to 31 cm. 


CENTIMETRES, 
Port. Date. 25 26 27 328 29 30 31 32 33 34 35 otal 
herwick | ye.) 21/2/20) al RAO A Sei 40) SOON aS aaa 151 
Do. Soo WYP teh IG Rss Be RU I 183 


Herrings with four and five winter rings were more abundant 
in the sample of 1921, but this is not sufficient to account for the 
difference in size, From the data given below it will be obvious 
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that the winter herrings from the west side of the Shetlands are 
larger than those from the grounds to the east of the Shetlands, 


CENTIMETRES, 
Port. Date, | Winter | o5 | 26 | 97 | 28 | 29 | 30 | 31 | 32 | 83 | 34] Total. 
Rings | | 
| aut 

Lerwick ....| 21/2/20} 3 | 1 —/—}|—}]—|;—/—/—,—|—]| 4 
Dio, Ge ERIE, Oe IG) VR Rg | SS ee) SS a | a 
Demers SN 2/20( 9 46 i=] OARS) 6 | Bene ial clan 
Done peer 2/2/21 4 1); 2) 9)14) 8;—|/—|—/|.—]|—] 34 
Dor ...| 21/2/20] 5 gh RA) eel ly Stl eal ieee 
Do... 12/2/21) 5 —j}—| 4}19}19}10} 3] 1) 1)—] 57 
Dor... 21/2/20) 6 | — |=] ==) 1 | 10 | 25 | 20) 10) — |" 67 
oe eeToyo/aiMen <6, | i= eee alo) Rei ona eee ris 
Do. ...| 21/2/20| 7 EE ee Aer) | eee es a AG ia oj) en Mb BS 
Do. 12/2/21| 7 eS ea | Te) a 8 Vez Poel ee nas 

| | 


The Yarmouth samples were taken during November of 1920 
and March of this year, the latter being a sample of spring herrings. 
As the data given in the Report last vear referred to November 
samples only, the two samples are given in Table IT. in detail 
for purposes of comparison. There was no difference in size, 
as in each sample the greater numbers are under 26 to 28 em. 
While there is an apparent difference in age this is due to the fact 
that in the November sample the last winter ring counted was 
inside the edge of the scale, and in the March sample the last winter 
ring and the edge of the scale were taken as coinciding. This 
must be taken into consideration when examining the data given 
in Table IT. 

The three samples from Ireland have been analysed also, 
as this is the first year we have examined herrings from Irish 
waters. All these samples were composed of large fish, but the 
second sample differs from the first and third sample. 

This sample, taken 17th February, 1921, 10 miles off the 
mouth of Lough Swilly, and from practically the same fishing 
ground as sample 1 but further out, was larger than the other 
samples. 

In order to make the difference clear, the data have been 
arranged as below :— 


104 


CENTIMETRES 
Sample.| Date. | “MT | 96 | o7 | 28 | 29 | so | 31 | 32 | 38 | 34 | Total. 
Rings. 
1 1/2/21 3 3 4 2 3. —{ |) — ) =a eee 
2 17/2/21| 3 me ae 3 5 Od ee ee 
3 12/4/21 3 oI 8! 3 2 — = = = — — 8 
1 1/2/21 4 = 1 9 | 36 | 15 $ |= |) =e 
2 17/2/21| 4 mae |e = 2!) -a/0} 21 5 1 1 ||} aan 
3 12/4/21 | 4 1 1 3 | 22 3 oe == Ge 
1 1/2/21 5 ee 1 6 | 10 8 1 | =) ea es 
2 17/2/21| 5 a | es ee 1 Omi ed Pa eh 
3 12/4/21} 5 2 les 1 ad 45) 38 pre es || 10 
1 1/2/21 6 a oe, ee 1 4 6 i |) =) See 
2 17/2/21| 6 eg ae | ee 1 3 7 12 3.) seni ieas 
3 12/4/21) 6 ee, | 2 2 3 3 4 SaaS 
1 1/2/21 7 a = 2 3 | 15 9 1 12) so 
2 17/2/21| 7 a ‘Tea fae 6 | 15 6)! eal 
3 12/4/21} 7 BF eee 4 al assed 7 = ees 
1 1/2/21 8 ey | ee 1 6 4 5 2 |. alas 
2 17/2/21| 8 se 1 2 1 2 eee 8 
3 12/4/21| 8 BS eens pe Gis) ize iseag 6 | anna 


It appears therefore that to the north-west of Ireland there 
are two shoals of herrings, one having a more rapid growth than 
the other. 

Only one sample from the Firth of Forth was examined this 
year. It was taken 10th February, 1921, and is interesting when 
compared with the sample of 10th March, 1920. 

The sample of 1921 contained a large number under 24 and 
25 em., and a smaller number under 28 and 29 em. 

The sample of 1920 had numbers under 23 and 24 cm, and 
still larger numbers under 26, 27 and 28 em. 

The particulars are given below :— 


CENTIMETRES. 
Sample. Date. 21 22 23 24 25 26 27 29| 29) 30) ‘31 | Mota’ 
Hirthiof Morth’ .;.. 10/3/20) 92 41 20) 2%, av, 20) 182) 30) 1b) 2 177 
Do. «« LO/Z/21 — 14 33 65 50 19 7 18 18 4 229 


This difference will be seen from the following table to be 
due to the large number of fish with four winter rings in the 1920 
sample. Not only were fish of their age more numerous in the 
sample of 1920, but they had made a much larger growth than those 
of the same age in the sample of this year. 


Sample. 


Firth of Forth . 


Do. 
Do, 
Do. 
Do. 
Do. 


Date. 


10/3/20 
10/2/21 
10/3/20 
10/2/21 
10/3/21 
10/2/21 
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CENTIMETRES 

22 | 23 | 24 | 95 | 26 
6 | 13 | 22| 11 | 10 
12 | 30 | 54 | 36 | 14 
Soe Sel, SoMlecosiaes 
2 NPS ta 1) |e Set 
—|—|—]| 1) 2 
—|—|—| 2] 2 


|. #S 
- bo em bo 


106 


lg-x< O-n ted | 

— | — | ezt| ace | per | pee | oe ies [ee (et) — | — | — | = %, 

=e |e OS co [eek | rer 9 ae Se ne ant SON cop 
=) 1-H} BFS | BIE | SLS [gt-ST +e) — = = |) = = ee = % 
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TABLE II.—SIZE AND AGE. 


CENTIMETRES. 


Winter 


Sample.} Rings. | 21 34 | Total. 


Ks 


| 
| 
3 


3 eet ee cee Pete Sof) Bs] egy eee ty aS 
4 eth eA ee Tiron ie quia 4s | Bo |neeet ll Ses (rey cena casa tee 
5 eee eee aes Pea ee ee a. ag: |. Jo (ton esel ot Seen bly 
6 ey a Neen (see es | | Onl Bele obi ay |p ia a7 ears 
7 Seah ee | ee | etd See ee | og Tg ae Bel == ea ge 
8 ees = eee oe |) ae es tesoge leva hop. teers 
9 SE iN | |S PP | hPa a | a 
CM | es ea ef es OS Ve 
She | et | —| 6] 8|16| 38 | 32| 49 | 20|12| 2} —] 183 
1 3 a aes |! Bb) cas) Dy | 2S, | | see ee 
4 Bee |e ea nm ee | an] Qh) 2G: Peele ost tees le eal eee 
5 eae en PS a ep) ie | 0, stl) a ge 
6 EY fe pee | a ae |e rend Ved WM ine Was en | Ob 
7 EB ee fea a ei ee ped lo ss Nees eae ile | eT 
8 PETS lees eee 9 eed an |B ee a Dae Ted Paes Phe iA ee eeeeaalp tra s 
9 SN Se 1 Gee Pepe MR eee | es ee A 
10 BoD as PES «ge LS (| PS ee A fe | Le ge 
11 ae pe (| ee ny a Come eee ee | eng eee eee | 
pe | 3| 5 | 13/30) 41/40/17) 3) 1/153 
T—2 3 fey fy Ae 3 eel sop lta iee=si| ae alate 
4 Pi See ee (Ne tS ae ae eeae ie esti ole (eee a (aero 
5 Bees (hea fea (RSS ol aS ee ange, Vu limes" |) erie ee fee 
6 BN | | pees eee fe pen AraC Glib Alien gl om he 
7 SE ee ia PaaS 
g NY a ee | A SET Wem NG Da Trae i aa) oS) 
9 eee fp ate fee Pca te ee eee || eens eT 
11 decal eg a eee aed ee eed a i, Oe ee 1 
aa ai ae he ie | «| 144 38 | 30 | aio) =) ase 
I—3 3 a a NS pn eae [ees ete 
4 1 ea (I) EMR Rar oe Ue ns | Ce | ee Ee 
5 | ce |e a ee MP | Pd etd tree a bee LA 7) 
6 es lee, le ee | ge Moa eas ie Beas Hee 1G 
7 ae, eet eat aoe = 1) a (om omar =: (en ad 
8 ee | Re el gh eaoe LGM she fPaaaieee aly ae 
9 eae egies ayh (eee |) oN onl me anon |e a Be Ne ear a Do 
10 —} —} — | — | — | — | — |} —] 2] 14}/—)] 2);-—-]— 5 
11 se |e | nee (eg ocean Wa be atin 
12 SR gf PS |e EI Ee me ny ME 4 (PRP RY | Ty Ce een me | 

oh a2 Pa Fela (ES 
= | se eal? AR ee ae 
| 
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TABLE II. (continued). 


CENTIMETRES, 
Sample,| Witter | 91 | 29 | 23 | 24 | 25 | 26 | 27 | 28 | 29 
Rings. 

ee | ee ee | oe ee 

YH —1 2 ss Py fee eed eam eS Lee 
3 Se aoa MeN) fue alre ple 

4 Ed at eal Mis aleoiell Sem aol] aul 

5 —|—|—|—]| 4]18}ia] 4|/— 

6 tg || nee «gl eon aliaaadl pa 

7 =) | == a) 4) dea) a 

8 SN i | gt Sa eal 

10 S| a See a) ed) oe ee 

1 | 22 <4) 5) si) eo |) 74) | 42 | 6 

YH —2 3 =|] Theol H|losl eae] = 
4 Be eee eee | Yay ate coe al | emma 

5 SS SEU Sal SRM etal] cline eth 

6 a) Je eal Neo Ole oul aR 

7 2 | 93) eal ee |g 

8 Sy ae onl as aeel te 

9 saa CR Bl Sealine 8 

10 xen i (eee een Fr ee ees ora H 

ee ee ara 10 


31 } 32 | 33 


34 


| 


Total, 
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POLLUTION OF THE TYNE. 


By A. MEEK. 


This season (1921) has again been a bad one for the Tyne. 
Smolts were numerous, and large numbers have been killed in 
the Newcastle region by the pollution. This year it cannot be 
said that trade effluents caused the destruction, for owing to the 
miners’ strike the by-products works and other works had ceased 
operations. The season has been an abnormally dry one, and 
during May and June the river was very low. This allowed of 
an accumulation of ordinary sewage in the tidal part of the river, 
and the effect could be seen and smelt. 

Inspector John Crawford sent me on May 25th a sample 
of 25 smolts. Of these I identified 16 as trout, 6 as salmon and 
3 were so intermediate in character as to leave me wondering 
whether on occasion pairing was absolutely specific. The smolts 
were not in very good condition, but the scales of those examined 
showed that they had been hatched in 1919. 

Mr. Crawford also wrote to me on July 21st, 1921, stating that 
owing to the drought the smolts have been much later in getting 
to the sea. Some are very large, and have been hanging about 
the tideway during this month, and this is very late for smolts. 
Large numbers were destroyed from Lemington down to New- 
castle, and at a time when the water from Lemington to Scots- 
wood was not much polluted. Mr. Crawford also states that it 
is difficult to give an accurate estimate of the number destroyed, 
but he has no doubt there were several thousands, 
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FAUNISTIC NOTES. 


Phocaena communis (F. Cuv.)—The porpoise has been common 
off the mouth of the Tyne during the present salmon season (1921). 
The fishermen complain strongly of their numbers and their effects 
on fishing operations, and urge that steps should be taken to 
destroy them. On June 10th a female, 5 feet 8 inches in length, 
was caught in the salmon nets of a Cullercoats boat. When it 
was hauled into the coble it was observed that a young one 
was in the vicinity, and persisted in accompanying the boat. 
It was captured and was found to be a male measuring 2 feet 
9 inches in length and weighing 25 lbs 4 ozs., and from the 
distinct scar of the umbilical cord it was evidently born this season. 
The mother was larger than the females examined in 1917 (Jour. 
of Anat., v. 52, p. 187), and the generative organs bear evidence 
of the recent birth. It was observed that when landed from the 
coble, milk spurted from the mother’s teats to a distance of about 
a yard and a half. The stomach was empty. 


AGE 


Acipenser sturio, Linn.—A sturgeon was caught off the coast 
on February 2nd, 1921. It was a female weighing 240 lbs., and 
the eggs were nearly mature, measuring on the average 1-9 mm, 
Others were reported, but were not seen by us. 

A. M. 


Rhina squatina, (Linn.)—A male, 130 cm. in length, was 
landed 26th April of this year by the trawler “ St. Lawrence,” 
which had been fishing for six days in local waters, from the mouth 
of the Tyne to 60 miles E.N.E. 

B.S: 


Petromyzon marinus, Linn.—A large lamprey, 31 inches long, 
attached itself to a coble fishing off Tynemouth pier, 29th February, 


Pit 


1921. Messrs. Rayner and Boyle presented it to the Laboratory, 
and it lived in our tanks until 9th May. During the whole of this 
time it ate nothing. 


Boe: 


Echinus esculentus, Linn.—Sea urchins were plentiful on the 
local rocks during July of last year. Some brought into the 
Laboratory on the 19th yielded sperms later in the day, and on 
the following morning fertilised eggs were found at the bottom 
of the tanks. 


B.S. 


ih aie ee 
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